
 
Abstract—It is believed that continuously variable transmission 

(CVT) will dominate the automotive transmissions in the future. The 
most popular design is Van Doorne’s CVT with single metal pushing 
V-belt. However, it is only applicable to low power passenger cars 
because its major limitation is low torque capacity. Therefore, this 
research studies a novel dual-belt CVT system to overcome the 
limitation of traditional single-belt CVT, such that it can be applicable 
to the heavy-duty vehicles. This paper presents the mathematical 
model of the design and its experimental verification. Experimental 
and simulated results show that the model developed is valid and the 
proposed dual-belt CVT can really overcome the traditional limitation 
of single-belt Van Doorne’s CVT. 
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NOMENCLATURE 
a  Center-to-center distance (mm) 
Ce  Mass of steel element per unit length (kg/m) 
Cr  Mass of steel ring per unit length (kg/m) 
EA  Extrusion force at the exit of driving pulley or Extrusion 

force at the entry of driven pulley (N)  
Ep  Extrusion force of steel element on driving pulley (N) 
FA  Tensile force at the exit of driving pulley or Tensile force at 

the entry of driven pulley (N)  
Fmax Maximum tensile force of steel belt (N) 
Fp  Tensile force of steel ring on driving pulley (N) 
Fr  Radial friction between steel element and pulley (N) 
Fre  Friction between steel ring and steel element (N) 
Ft  Tangential friction between steel element and pulley (N) 
h  Distance between contact surface and contact edge in steel 

element (mm) 
i  Speed ratio 
imax Maximum speed ratio 
imin Minimum speed ratio 
L  Working length of steel belt (mm) 
N  Pressure between steel element and pulley (N) 
np  Speed of driving pulley (r/min) 
Nr  Number of layers in steel ring 
ns  Speed of driven pulley (r/min) 
P  Pressure between steel ring and steel element (N) 
P1  Power loss due to radial friction between steel element and 

pulley (kW) 
P2  Power loss due to tangential friction between steel element 

and pulley (kW) 
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P3  Power loss between steel ring and steel element (kW) 
Q  Axial force of DBCVT (N) 
Qp  Axial force of driving pulley (N) 
Qs  Axial force of driven pulley (N) 
rmax Maximum working radius of pulley (mm) 
rmin Minimum working radius of pulley (mm) 
rp  Working radius of driving pulley (mm) 
rs  Working radius of driven pulley (mm) 
t  Distance between steel belt and steel element (mm) 
Ti  Input torque (N·m) 
Tp  Transmission torque (N·m) 
Vep Linear velocity of steel element on driving pulley (m/s) 
vp  Linear velocity of driving pulley (m/s) 
Vrp Linear velocity of steel ring on driving pulley (m/s) 
Vrs Linear velocity of steel ring on driven pulley (m/s) 
vs  Linear velocity of driven pulley (m/s) 
β0p  Angle of increase or decrease in Ep (degree) 
βp  Contact angle of driving pulley (degree) 
βs  Contact angle of driven pulley (degree) 
γ  Slip angle (degree) 
ΔEp Extrusion force difference of steel element on driving 

pulley (N) 
ΔFp Tensile force difference of steel ring on driving pulley (N) 
η  Power efficiency 
θp  Angle of groove of driving pulley (degree) 
θs  Angle of groove of driven pulley (degree) 
μep  Friction coefficient between steel element and pulley 
μre  Friction coefficient between steel ring and steel element 
ωi  Input speed (r/min) 
ωp  Angular velocity of driving pulley (rad/s) 
ωs  Angular velocity of driven pulley (rad/s) 

I. INTRODUCTION 
ONTINUOUSLY Variable Transmission (CVT) as a type 
of automatic transmission is now commonly used in 

automotive applications. In fact, CVT is an ideal design and has 
many advantages over the other transmissions, such as infinite 
gear ratios, smoother speed ratio change, simpler mechanism, 
lighter weight, higher engine efficiency and better fuel 
economy. Typically, Van Doorne’s CVT based on the single 
metal pushing V-belt is better than the other types of CVTs due 
to its good reliability, durability and efficiency. Fig. 1 and Fig. 2 
show the models of Van Doorne’s CVT and metal pushing 
V-belt. However, its torque capacity is currently limited by the 
strength of steel belt, and by the ability to withstand friction 
wear between torque source and transmission medium. 
Therefore its application is limited to low power passenger cars 
[1]-[6]. According to the authors’ best knowledge, very few 
research focuses on the area of torque capacity enhancement 
for Van Doorne’s CVT. 
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