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⎪ Power transmission, bearings, bushes and seals ⎪

W
ith the current migration 
towards electric vehicles and 
the optimisation of compo-
nents contributing to overall 

energy efficiency and range – higher energy 
density batteries, energy recovery systems 
and other efficiency advances – overcoming 
inefficiencies in the drive train is becoming 
an imperative. 

The primary power source in EVs, the 
electric motor, shares some disadvantages 
with the internal combustion engine. These 
include the fact that the electric motor and 
its drive/inverter are not equally efficient 
under different loads and speeds – as is the 
case for internal combustion engines across 
the RPM range.

A typical EV’s efficiency varies between 
about 92.5% and 70%, as reported by 
Antonov plc (David, 2011) as well as by 
Turner, Cavallino, & Viotto in 2011, who 
report a 10% improvement in energy 
efficiency when using a two-speed 
transmission in combination with the 
vehicle’s electric motor. The transmis-
sion used, however, added 19 kg of mass 
through the addition of a dry clutch, sprag 
and locking ring.

Their transmission was used to drive 
a front-wheel drive elec-

Varibox CVT Technologies was founded by Jan Naude, an inventor of CVTs 
(continuous variable transmissions) who has several unique patents across three 
different CVT technologies. This article summarises the advantages of using Varibox’s 
RADIALcvt for electric vehicles (EVs) and as a variable speed option for motor-driven 
industrial drives.

White paper references

1 RADIALcvt as an EV transmission: 

www.varibox.com/media/1189/radialcvtelectricver15-updated.pdf

2 RADIALcvt design and simulation

www.varibox.com/media/1177/radialcvtdesignver16.pdf

Varibox’s novel RADIALcvt design uses a variator configuration 
with three radial friction drivers making contact and driving the 
two disks, one convex and one concave, in opposite directions. 
This creates six parallel power paths, which reduces contact 
stresses to, typically, below 2.0 GPA.

The efficiency of the 28 kW, 108 Nm electric motor used by Bottiglione et al 
to determine the effects of using different transmissions: fixed speed, stepped, 
CVTs and IVTs clearly showing that electric motors and their drives/inverters 
are not equally efficient under different loads and speeds. [Bottiglione, De Pinto, 

Mantriota, & Sorniotti, 2014]

The RADIALcvt for EVs 
and industrial reducers

tric minibus using a 60 to 70 kW motor, with 
ratios estimated at about 3.5:1 for the first 
speed and 2.5:1 for the second speed, cor-
responding to a speed variation of 1.4.

On the more luxurious end, Antonov’s 
dual-clutch, three-speed transmission was 
installed in a Jaguar XJ, known as the Limo 
Green, an eco-friendly luxury limousine. This 
vehicle was powered by a 129  kW electric 
motor and reported an energy saving of up 
to 14.7% due to the transmission.

Antonov also integrated its three-speed 
transmission into a 3.5 t Smith Electric Vehicle 
demonstrator known as ‘E-Van’. The ratios 
involved were about 3.8:1, 2.3:1 and 1.7:1, 
respectively, giving a relatively narrow speed 
range of 2.3.

In 2014, Bottiglione, De Pinto, Mantriota, 
& Sorniotti used a 28  kW, 108 Nm electric 
motor in a 872  kg vehicle and compared 
transmissions that included: single speed; 

stepped two-speed; full and half toroi-
dal CVTs, as well as two IVTs (infinitely 
variable transmissions). The results with 

respect to energy consumption showed 
that, at constant speed and load, the single 

and two-speed transmissions outperform 
the variable ratio ones, as 

can be expected due to the lower mechanical 
efficiency of the latter. 

However, when driven according to UDC 
and J10-15 city drive cycles, the half and full 
toroidal CVTs outperformed the fixed ratios 
by 10% and 15% respectively. This is because 
the variable drive enables the electric motor 
speed to be fully optimised in drive as well as 
in regeneration conditions.

CVT market leader, Bosch, forecasts mul-
tiple ratios for EVs and continued growth in 
its market share of belt-driven CVTs and, 
to make the steel belt more attractive as an 
EV transmission. Overall CVT volumes are 
predicted to increase from 12-million units 
in 2016 to an estimated 18-million by 2020. 
This is further demonstrated by the cumula-
tive sales of Bosch CVTs: 10-million in 2010; 
25-million by 2012; and a total of 50-million 
by March 2017. 

All the reviewed works that considered 
CVTs/IVTs were limited to using existing well 
known toroidal and belt/chain CVT trans-
mission systems. Compared to fixed-ratio 
alternatives, these are typically characterised 
by much lower mechanical efficiency; they 

require hydraulic control systems; and they are heavy and expensive.
On the upside, however, these transmissions enable the electric mo-

tor in an EV to be fully optimised for varying driving and regeneration 
conditions. They also offer better vehicle acceleration and gradient 
performance. 

RADIALcvt: an efficient CVT for EVs
Following on from the ROTORcvt prototype design that was featured 
earlier this year – described in the April 2017 issue of MechChem 
Africa – Naude has now patented an advanced RADIALcvt design that 
incorporates a new radial shaft and driver roller design; repositions 
the disc combining planetary system to be inline with the input shaft; 
and includes an option for a two-speed AMT (automated manual 
transmission) to extend the speed ratio range.

This design uses a variator configuration with three radial friction 
drivers making contact and driving the two disks, one convex and one 
concave, in opposite directions in a traction fluid. This arrangement 
creates six drive contact points, splitting the input motor power 
into six parallel power paths, each containing only one friction drive 
interface in series. 

Key advantages of this design include: 
• Line contact friction drive points can be used, which reduce the 

maximum contact stress substantially. 
• Via the fixed diameter drivers, the RADIALcvt has a constant fric-

tion drive input radius. All other CVTs have a variable input radius, 
which results in high surface rolling speeds with lower coefficients 
of friction and, therefore, higher clamping force requirements. 

• The RADIALcvt has at least six parallel power paths, which reduces 
contact stresses to, typically, below 2.0 GPA.

• The large output friction drive disks of the RADIALcvt can be posi-
tioned concentric and close to the motor/engine flywheel and can 
approximate flywheel size. This enables the RADIALcvt to provide 
its highest efficiency at the low ratios associated with city driving. 

• Test and simulation results for a RADIALcvt determined drive con-
tact power efficiency in all ratios and under maximum engine torque 
of about 95% in high ratio to about 98% in low ratio. 

• A ratio range up to 4.7 is possible, while with two-stage AMT in-
tegration, a speed ratio range up to 10 and beyond is achievable. 

• The RADIALcvt can be realised without any hydraulic clamping con-
trol, which all current developmental and commercial CVTs require. 

• Losses due to reduced clamping forces are, in theory, 50% lower 
in the RADIALcvt and bearing losses are only associated with the 
RADIALcvt output, namely the convex and concave disks. This is be-
cause the three radial input drivers are in equilibrium. These bearing 
losses, for a given (lower) clamping force, are only a function of the 
RADIALcvt output speed and are at a maximum of 2.5% at the higher 
ratios and reduce to about 1.5% when operating at lower ratios.

Since the RADIALcvt uses existing and well-developed traction/ fric-
tion drive technology, any potential licensee of the technology can very 
easily evaluate and verify these results.

For an EV transmission, in the 30 kW range with a maximum ratio 
range of 2.3 using 292  mm disks, the effective concave and convex 
driven disk radii will vary from 65 mm to 150 mm. The variator contact 
efficiency in this case will vary from about 97.5% to 98.7%. And for a 
130 kW drive using a transmission of the same size, 95.8% to 98.2% 

efficiency can be achieved from the variators.
Ratio actuation – achieved by shifting the driven discs parallel to 

the central shaft, which forces the contact position of the driving discs 
radially inwards and outwards – is done via a 12 V PWM-controlled 
motor that draws no more than 150 W off the battery. 

No clutch or clutch control systems are required, only a locking 
ring/dog clutch (for emergency towing), which makes the system 100% 
compatible with current electric vehicle transmissions.

Most importantly, the mechanical efficiency of the RADIALcvt is 
only about 3% less than a stepped transmission, while offering a much 
more compact length than the stepped transmission with a clutch or 
dual clutch.

With the general advantages of CVT technology for EVs proved by 
the cited trials, the RADIALcvt adds significantly higher drive efficien-
cies compared to current commercial CVTs, which tend to erode the 
advantages. The RADIALcvt provides an excellent solution for pure 
electric vehicles, because of its simplicity and its very high mechani-
cal efficiency.

These advantages also apply to industrial drive systems for 
simple variable speed drive and low-cost soft starting, and the use of 
a RADIALcvt can quickly be justified in terms of energy savings and 
Varibox is currently looking for local industry partners to commer-
cialise the RADIALcvt for the industrial market. q


