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it also increases stability

on Bends

lightweight drivetrain not only optimizes brake
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Visio.M

Axle gear with integrated torque
vectoring differential

Visio.M is the result of a collaborative research effort to develop an electric vehicle that provides safety and comfort combined with a rea-
sonable driving range at an affordable price. The car has a range of around 160 kilometers and space for two people and luggage. With only 15
kilowatts of engine power, the car achieves a top speed of 120 km/h (75 mph). Without its 85 kilogram battery Visio.M. weighs only 450 kilograms. An

active torque vectoring differential distributes the force optimally between the two back wheels. This improves stability in curves and helps recover
more brake energy.
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Machine Elements

Drive engine
Axle gear with
differential

Left wheel

7

Electric motor
controls the
forces on each
wheel

Torque vectoring unit

Right wheel

The Visio.M project

Visio.M is a joint research project funded by the Federal Ministry of Education and Research and involving 14 TUM chairs, the Federal Highway
Research Institute, TUV and a number of partners from industry. The two-and-a-half-year project was completed last year. Its objective was to
develop an efficient ultra-compact electric car for two occupants. The brief was that it should not only be safe and lightweight, but also prove that
an electric car appealing to the mass market can achieve a lower total cost of ownership than comparable gasoline-powered cars. In October
2014, the Visio.M car was unveiled to the public. The total budget of the project was EUR 10.1 million.
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Machine Elements

“‘With this small and lightweight torque vectoring drive,
we are offering auto manufacturers a powerful compo-
nent to integrate in electric car designs of the future.”

12
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Karsten Stahl

E lectric vehicles (EV) have a lot going for them. They
move silently through busy city streets and don’t emit
noxious fumes. There are even some good-looking models
on the market now — a far cry from the no-go designs that
first appeared ten or twenty years ago. The German federal
government is encouraging commercialization of electric
cars with measures such as tax incentives. Nevertheless, in
2014, only 21,000 electrically powered vehicles were being
driven on German roads. A drop in the ocean compared to
the number of conventional cars, which stands at 43 million.
It is doubtful that the target of one million electric vehicles in
Germany by the year 2020 will be achieved. The high price
tag is one factor; another drawback is the limited range of
vehicles powered by a battery.

Many engineers around the world are working on a solution
to the EV range challenge. But it does not come down to
just one technical detail. Rather, the developers will have to
optimize the entire car. In November last year, the Visio.M
consortium presented a possible answer. A team of devel-
opers from industry and various chairs of TUM produced a
completely new electric vehicle model. Thanks to its cutting-
edge efficiency, its estimated total cost of ownership, includ-
ing initial investment and operating costs, will be lower than
that of a comparable combustion engine car. Decisive for the
exceptional energy efficiency of the Visio.M is its light weight.
At the same time, the car fulfills all significant requirements
of a normal mass market car, from passenger safety to info-
tainment and navigation assistance to climatization. With its
smart design, the Visio.M attracted plenty of media attention
when it was unveiled to the public last fall. >

Prof. Karsten Stahl heads TUM's Institute of Machine Elements, also
called the “Gear Research Centre (FZG)”, today’s leading international
research institute for gears and transmissions.

Picture credit: Bauer
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Machine Elements

TUM engineer Philipp Gwinner and his colleagues first realized a
torque vectoring drive that fits into a compact aluminum housing. Then
they went one step further and used lightweight glass fiber reinforced
plastic to make the housing. Only the shaft bearings are mounted inside
an aluminum structure, which is extrusion-coated with the liquid plastic.

Picture credit?
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Regenerating brake energy

As is customary in electric or hybrid vehicles, the Visio.M
recuperates energy when it brakes. When the driver
brakes, the motor switches to generator mode. The
wheels turn the motor like a dynamo and thus apply brak-
ing power. The efficiency of regenerative braking could
be increased even further if the braking energy could also
be recuperated when driving around bends. However,
conventional regeneration systems are not very effective
when it comes to handling curves. In standard cars, the
left and right wheels of a driving axle exert different pres-
sure on the road surface when going around a corner.
There is more load on the outer wheel because the vehi-
cle is veering more to the outside. This wheel can exert a
strong braking force on the road. At the same time, there
is less pressure on the inner wheel, so it is less effective in
braking. Brake energy regeneration has basically not been

Machine Elements

In the workshop of TUM’s Institute of Automotive Technology: The
torque vectoring drive installed in the Visio.M electric vehicle (left page).
Philipp Gwinner connects one of the sensors (top) to the drive.

very effective on bends up to now. In theory, this problem
could already have been solved with a torque vectoring
drive. Torque vectoring varies the power — or the torque
— delivered to each wheel. The same applies to the brak-
ing power recuperated from each wheel. This means that
just the right amount of braking power gets to each wheel
during cornering. Up to now, however, torque vectoring
systems were too heavy, too large and indeed too expen-
sive to install in mass-produced electric vehicles. They are
currently to be found in only a handful of models, mostly
high-end sports cars.

But this is set to change. Researchers at TUM’s Gear Re-
search Centre (FZG) have developed a torque vectoring
drive system that is sufficiently lightweight and compact
for future EVs. Torque vectoring is a particular form of dif-
ferential gear. A “differential” is located at the center of
almost every vehicle’s driving axle and is responsible for
moving the latter together with the wheels. An ordinary
differential gear drives the entire axle and therefore uni-
formly drives the left and right wheel. Torque vectoring
gearboxes do this differently. Depending on the type of
bend, more torque can be distributed to the left or right
wheel. In conventionally driven axles, that would not be
possible. With the new torque vectoring drive, TUM en-
gineer Philipp Gwinner and his colleagues have realized
their aim of a compact design. The gearwheels inside the
gearbox have been designed and arranged with a view to
fitting as much into as small a space as possible. They are
closely linked to a small electric motor. This selectively
increases the rotation of the left or right axle end, delivers
more torque to the left or right, or in the case of cornering,
applies the required braking power to individual wheels.
Some experts have long favored wheel hub motors as
the future EV drive system of choice. With this concept,
each wheel has its own motor that turns or brakes each
wheel individually. The effect is therefore similar to that
of a torque vectoring drive. With torque vectoring, how-
ever, you can get this effect with a single central drive,
which is more economical and safer than individual wheel
hub motors. A torque vectoring drive offers automakers
a range of potential applications — not just better recu-
peration. “They could also use the drive to improve driv-
ing stability,” maintains Philipp Gwinner. “If a car becomes
unstable when cornering, the individual wheels will be de-
celerated so that the vehicle restabilizes.” If the torque
of the wheel at the outside of the bend is increased, >
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Machine Elements

Double helical gear

Axial gear with
differential

In order to realize a plastic housing for the torque vectoring unit, the TUM engineers had to find a way to reduce the forces of the gear system. They
overcame this challenge by designing a double helical gear, in which the axial forces cancel each other out.

18 Faszination Forschung 16/15
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it pushes the car into the bend, so to speak. The new
drive can also compensate for crosswinds or slippage on
wet leaves and ice. “We have designed the torque vec-
toring drive to be economical, small and light enough for
EVs like the Visio.M,” says Prof. Karsten Stahl, Director of
the FZG. It took several development stages to achieve
the end result. The first task was to arrange and design
the gearwheels so that the gear system could fit inside a
compact aluminum housing. Stahl and Gwinner then went
one step further. They used lightweight glass fiber rein-
forced plastic to make the housing. Only the shaft bear-
ings are mounted inside an aluminum structure, which is
extrusion-coated with the liquid plastic. “With this small
and lightweight torque vectoring drive, we are offering
auto manufacturers a powerful component to integrate in
electric car designs of the future,” proclaims Stahl.

A lightweight gearbox housing made of plastic

Normally, though, plastic housings are scarcely able to
withstand the strong forces of a gear system. This was
another problem that Gwinner had to overcome. As a rule,
the forces of the gearwheels under high load result in se-
vere deformation of the plastic. This happens because

the gear teeth are usually arranged at an angle to reduce
noise and increase the load-carrying capacity. A normal
housing made of plastic is not able to withstand the forces
that occur in helical gearing. That is why Philipp Gwinner
uses a “double helical gear,” in which the axial forces of
each half cancel each other out. This enables the use of
plastic material for the automotive gearbox housing.

With a number of benefits incorporated into the new gear
design, Stahl is optimistic: “We cannot wait to see how
the automobile industry will respond to and eventually
use what we have developed.” In any case, the team has
proved that it is possible to design a small, lightweight and
economical torque vectoring drive. Philipp Gwinner adds:
“I firmly believe that this development has huge potential.”
The drive is one of the features that make the Visio.M so
efficient. The car requires just around a quarter of the en-
ergy equivalent consumed by a conventional small car. “It
is of course possible to drive a car axle without torque
vectoring and to do without the highly complex differen-
tial we have used,” admits Gwinner. But that would mean
settling for much less functionality, less energy efficiency
and less driving pleasure on bends. Above all, this innova-
tive development will make electric vehicles of the future a
much more attractive proposition for drivers. Tim Schréder
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