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WHAT’S NEW? FERRARI GETRAG DCT

The Italian

job

WORDS: MICHAEL TAYLOR

Channeling the drive of the LaFerrari – not only Maranello’s first
ever hybrid development but also it’s most powerful road-going
car yet – was no easy engineering task for the transmission team
02 // September 2014 // Transmission Technology International
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A quick look through the specification sheet of
the Ferrari LaFerrari is enough to make grown
engineers quiver.
It’s full of Man’s Numbers, from a 6.3-liter V12
with 810ps, to a lightweight carbon-fiber tub
designed by the marque’s F1 technical director,
and not forgetting the 165ps (120kW) of surging
electric power.
Yet while it’s all very well having a big battery,
a KERS-style electric motor and a thumping V12,
you’ve still got to somehow make all of that arrive
at the twisty axle. And Ferrari’s choice to make
its Enzo-succeeding hypercar in rear-wheel drive
(when it had the FF’s excruciatingly complex allwheel-drive system on the shelf) only served to
complicate the job.
Surprisingly, though, in 2010 when Ferrari
began planning the most sophisticated road car
in its storied history, it already had that gearbox
question answered. Well, mostly.

Past experience

The F12 Berlinetta might be a fascinating and
brilliant example of a V12, two-door sports car,
and the LaFerrari might be just about the most
extreme example of Formula 1 technology on the
road today, but it turns out that they share almost
the same gearbox.
It’s a dual-clutch transaxle transmission that
was developed hand in hand by Ferrari and
transmission builder Getrag. At its core, it’s a
transmission that made its debut in the F430, but
it has had some significant enhancements since
then, including the software upgrade delivered
in the F430 Speciale and the V12-oriented gear
ratios used in the F12 Berlinetta.
It’s this use in the F12 Berlinetta that made
Ferrari confident the transmission would do the
job in the LaFerrari – the internal pieces of the
transmission are so strong that Ferrari even uses
the exact same gear ratios on both cars.
That’s some achievement when the car is built
around a Rory Byrne-developed carbon tub and
is, effectively, an amalgam of current F1 thinking
and of the results of the FXX experimental
program that continued on from the Enzo. Also in
there is a fair bit of the Millechilli project (which
Ferrari undertook with the University of Modena
to produce a sub-1,000kg supercar).

Left and above: In harnessing the
most powerful Ferrari drivetrain ever
created, the LaFerrari engineering
team turned to a heavily upgraded
version of the dual-clutch transaxle
transmission that debuted in the F430
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Innovative Bosch technology

Continuously variable transmission
Compact and efficient for 7% less CO2

Bosch innovation: CVT (continuously variable transmission) technology reduces
fuel consumption and CO₂ emissions by as much as 7 percent compared with
conventional manual transmissions – and this without any loss of traction. Compact and robust, and featuring easy-to-calibrate technology, CVTs also cut cost
and save on valuable installation space. When it comes to the pushbelts that are
the central component of CVTs, Bosch is the first choice. Renowned for their
high quality, Bosch pushbelts reliably and efficiently transmit drive power to the
wheels. More information about Bosch CVT technology for efficient vehicles is
available online at www.bosch-cvt.com

WHAT’S NEW? FERRARI GETRAG DCT

Although LaFerrari didn’t fall below 1,000kg (it’s
1,255kg), it got a lot closer than the F12, and it’s
demonically quick. Ferrari claims it will hit
100km/h (62mph) in under three seconds (it
would be considerably quicker to 100km/h
with all-wheel drive), stretch to 200km/h
(125mph) in less than seven seconds
and smash through 300km/h (186mph)
in 15 seconds. So, for all intents and
purposes, it’s enough to give its drivers
the confidence that they’ll be in the
fastest car they’ll see all day.
It does this via a combination of an
extreme version of the F12’s 6.3-liter
V12 engine, which is mounted behind
the driver instead of up in the nose,
and producing 810ps of power and
700Nm of torque.
These impressive stats present
two fairly obvious headaches for any
transmission engineer. The first is that the
engine produces a serious amount of gristle
for a transmission to chew over. Secondly, the
V12 powerplant reaches its power peak at a lofty
9,000rpm. That’s some serious spinning, and sets the

rpm bar so high that it’s not bested in a production road
car engine found anywhere in the world today.
And if that wasn’t enough, the engineers were
tasked with integrating the LaFerrari’s electric
power, too. The car has a floor-mounted
battery pack forward of the petrol engine, a
pair of DC-DC converters and two inverters
snuggled on top of the transmission
casing, plus a 120kW electric HY-KERS
motor co-developed with Magneti
Marelli mounted behind it.
Combined, the two power plants give
LaFerrari over 960ps and more than
900Nm of torque, so the transmission
has to convert all that instant electric
torque into drive as well.
Although Ferrari doesn’t provide
internal codes for its transmissions, it
has confirmed that the LaFerrari unit is a
very close relative of the F12 Berlinetta’s
seven-speed, dual-clutch transmission,
albeit with some significant engineering
differences. But almost none of those differences
exist because of the extra engine power, Ferrari
insists. They are all there to accommodate the zap.
LaFerrari’s technical layout sees two DC-DC
converters and two inverters sitting on top of the
DCT, plus a 120kW e-motor that’s placed behind
the transmission. The battery pack is floor-mounted
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There’s a new casting for the
differential housing, for starters, and
a new rear casing cover so that the
electric motor can hang on to it (Ferrari
calls it the E-Connection). Engineered
in conjunction with Getrag, the
aluminum casting comes out of
Ferrari’s in-house foundry.
Then there’s a new gear set
squeezed in so that the electric
motor’s drive can be delivered into
the spinning parts.
There’s a completely new crown and
bevel gear, too, along with a new lubrication
system. And if that weren’t enough to give a
gearbox boffin a headache on a car with a build
run of just 499 units, there’s a new, integrated
electric motor-driven hydraulic system to control
the clutch actuation, too.
Above and right: Ferrari engineers worked closely with
Getrag to develop the best gearbox solution for the
LaFerrari, which came in the form of a dual-clutch
transaxle unit that’s based on the F12’s transmission

In-house expertise

Although the Formula 1 team (GES, in Ferrari speak) was more
heavily involved in the LaFerrari’s development than on any
other Ferrari road car, there are limits to what it could do, purely
because some of the integration and validation is beyond its
normal scope.
“The GES was involved in much of the development of
LaFerrari – they build the chassis and the battery packs, and
F1 experience obviously influenced the development of the
KERS,” a Ferrari spokesperson says. “But when it comes to the
integration with the transmission, obviously the transmission is
totally different to that used in F1, so their input in that specific
area is limited.”
Instead, the legwork on the transmission development was
undertaken by the road car division (referred to as GT, again, in
Ferrari parlance).
If the hardware challenge was all about the integration of the
second drive unit, the software challenges had already been
largely overcome. Unlike other supercar makers who farm out
their transmission software work, Ferrari’s GT department does
it in-house, so it’s proprietary software specifically developed
for what Ferrari believes its cars need, rather than adapted from
a platform. And one of the stars of that particular show is the
FastDownshift strategy.
This year’s 458 Speciale was the first development to deliver
the FastDownshift strategy software package, and it makes
the car react to the shift paddles with haste previously unseen
outside the Large Hadron Collider. The LaFerrari takes a small
upgrade to that software package, and its shifts are now so fast
that if you sat on a LaFerrari gearchange in space, you’d get
younger and heavier.
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Transmission – Powertrain – Vehicle
DESIGNING THE PARTS TOGETHER.
Being the leading engineering company for the development of modern powertrains, AVL is providing
fully integrated system solutions built on AVL’s interactive competencies in all powertrain elements. AVL starts
powertrain development by cascading requirements, specifications and operation modes from the vehicle level.
•
•
•
•
•
•

Definition of the powertrain topology based on the vehicle requirements
Identification of the best mechanical torque flow solution with holistic calculations
Performance and fuel economy predictions by means of simulation models
Design and analysis highly supported by the latest frontloading methodologies
Advanced test environments with refined test procedures
Highly efficient control algorithms and validated software solutions supported by
HIL / SIL methodologies - compliant with the latest safety and diagnostic requirements
• Unique, math-based tools and techniques supporting powertrain calibration
• Individual, highly innovative transmission solutions (e.g. ‚Future Hybrid‘ 7mode transmission)
www.avl.com

WHAT’S NEW? GM 8-SPEED AUTOMATIC
Corvette’s first-ever automatic
transmission has been designed
to handle the C7’s huge 633ps
and 861Nm power/torque outputs

Quick change
The Z06 is the first Corvette to feature an automatic transmission –
and the all-new 8-speed is said to rival a Porsche PDK for shift times
GM’s brand new 8-speed automatic transmission
– codenamed Hydra-Matic 8L90 (M5U) – was
designed specifically for the C7-generation
Chevrolet Corvette Z06, which made its debut
earlier this year. That meant handling the LT4
supercharged V8’s 861Nm of torque in a package
small and light enough to meet the space
restrictions of such a high-performance vehicle.
And if that didn’t present enough of a challenge
for GM’s engineering team, this is also the first
time that Chevrolet has offered an automatic
option (there’s also a 7-speed manual) on a rangetopping Corvette.
“The transmission is made up of four separate
gearsets and five clutches,” explains Bill
Goodrich, assistant chief engineer, 8-speed
RWD transmissions at GM. “A key feature is

that, in every gear state, we have three of the
five clutches applied. With only two open, you
minimize the drag and spin losses you get from
an open clutch pack.”
The development team made extensive use
of FEA to optimize for mass. “Where we have
low-stress areas on parts, we’ve cast, stamped or
machined holes in them to remove unnecessary
mass, while maintaining strength in the critical
areas,” explains Goodrich. “We were able to
achieve a product that fits in the same envelope
as the current 6-speed auto but is 3.5kg lighter
(about 95kg overall), while maintaining durability
and all the functional requirements.”

Speeding up

Smart material choices also help keep mass
down. In a first for GM, the gearset carrier is made
of aluminum, despite the high load requirements,
while the clutch piston housing is made from
magnesium, as is the cover plate for the control
system. The clutch housing is also made from
aluminum – but with a steel insert for the highstress area where the shafts are connected.
The other main development focus for the
8L90 was on reducing shift times. The team
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Weighing 3.5kg
lighter than GM’s
6-speed automatic, the
Hydra-Matic 8L90 (above and
below) boasts a raft of innovative
materials to help keep weight down.
For shifting times, GM engineers
benchmarked the C7 transmission
against Porsche’s acclaimed PDK

benchmarked the Porsche 911’s PDK transmission
and claims to have matched or beaten its shift
speeds through a combination of high-tech
hardware and software design. The former
included opening up flow channels throughout
the control system, replacing the previous
variable bleed solenoids with more responsive
variable force solenoids and relocating the pump
from the crank centerline to a new, chain-driven
location down in the heart of the control system,
closer to the clutches. In terms of electronics,
a dedicated, all-new Hitachi T87 ECU offers
packaging flexibility, and there is all-new GMdeveloped control software for rapid paddleshifts on demand.
“Particularly during spirited driving, when
you hit the paddles you want something to
happen,” acknowledges Goodrich. “In the past,
we’ve been criticized for too much delay from
the time you hit the paddle to the time something
happens, up and down. Now we’ve made sure
that when you request a shift, it’s right there –
but the automatic transmission still offers the
smoothness and refinement you won’t get from
a DCT. Unlike Ferrari, Lamborghini and other
exotics, we can offer both.”

Hall 3
Stand D 32
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Shifting into the next gear
with powder technology
In recent years, Höganäs has successfully replaced machined
transmission gears with Powder Metal (PM) gears in two demonstrator
cars: a Smart car and a rally car. In a team approach, we are now
utilising the combined capabilities of the entire supply chain to reengineer a 6-speed manual transmission for a mid-sized passenger car.
We have already verified that bending and impact stresses,
component weight and inertia as well as noise characteristics can
be improved with close-to-net-shape compacted helical PM gears.
Thereby we have once again demonstrated that PM solutions belong
to the future of transmission technology.

Watch compaction
of the world’s most
complex PM gear
Inspire industry to make more with less. www.hoganas.com/pmc

Your partner for
mechatronic drive
systems and
electric motors
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from mind to motion

Motor
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Switching gear

The third-generation Mini
will be equipped with a
choice of two manual
transmissions from Getrag

A collaboration project between BMW and Getrag to develop
new manual transmissions for the third-generation Mini
threw up some unique design and engineering challenges
Getrag will supply two newly developed manual
transmissions for the third-generation BMW
Mini. And the front-wheel drive, 6-speed,
transverse product will not only be used in all Mini
applications, but will also be available for other
BMW front-wheel drive powertrains – such as the
2 Series Active Tourer – coupled to SI and diesel
engines with three and four cylinders. The project,
which began in 2011, is the latest collaboration
in Getrag and BMW’s 50-year relationship.

The midsize 6MTT350 has a spread of
5.2 for the Cooper S and Works models

The German Tier 1 also provided the 6-speed
transmission for the Cooper S back in 2000,
when the first new-gen Mini was unveiled.
The two transmissions – the small 6MTT220
and the midsize 6MTT350 – are identically
dimensioned, a design consideration that
makes in-vehicle installation far simpler. Clearly
developed with a wide range of potential
applications, the two transmissions are available
with a variety of gearsets. The gear spread for the
6MTT220 ranges from 5.29 for the SI version,
to 6.18 for the diesel. Wider spreads will be
available for potential future applications.
There are four final drive ratios, ranging
from 3.4:1 to 4.1:1. The mid-sized
6MTT350 has a gear spread of 5.2
for the Cooper S and Cooper Works
drivetrains, 5.7 for other SI units and
6.25 for diesel. Once again, four final
drive ratios are available, ranging
from 3.2:1 to 3.8:1.
The design process was
influenced by a number of
specific considerations –
most notably BMW’s move
toward engines with high
torque and lower emissions.
“Torque is the major
contributor to the transmission
design,” says Wulf Leitermann,
Getrag’s platform director for
manual transmissions. “The

former Mini has up to 300Nm, but now we are
talking about 360Nm [for the midsize]. This much
higher number leads to a new gearset layout. For the
small variant, the old transmission was good for
170Nm, but the new version is good for 220Nm.”
In terms of the torque capacity-to-weightratio, the new transmissions represent a distinct
improvement. The 6MTT220, which weighs
38.5kg, boasts 0.17kg/Nm – an improvement of
almost 20% over its predecessor. The 6MTT350,
weighing in at 45kg, offers 0.13kg/Nm – an
enhancement of close to 10% over the previous
equivalent transmission.
“The other important point is fuel consumption,”
Leitermann adds. “This means the efficiency of the
transmission is important and has to be optimized.
We have particularly highly efficient bearings,
which are new. We call it passive oil management,
which means that we have a quite defined oil flow
through the transmission, so we could decrease
the churning losses by reducing the dynamic oil
level in the transmission.”

Trimming down

The Getrag team also paid particular attention to
reducing the transmissions’ weight. “We could
improve the torque ratio by 10-20%, depending
on the application, due to optimized geometry in
nearly every part in the transmission,” Leitermann
confirms. This optimization was extensive –
Leitermann estimates that around 75-80% of
the components in the two transmissions are
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new, with the remainder carried over from the
previous model – and also allowed the design
team to remove around 30 previously necessary
components from the assembly.
“We wanted to simplify the transmission
layout, and we thought about the functional
integration of parts,” says the Getrag engineer.
“One example is that normally the interface
between the shift cable and the transmission is
a cable bracket – a sheet metal part, fixed with
screws and rubber elements to the transmission.
We decided to cast it directly into the housing
and to machine it. In this example, we eliminated
the cable bracket, four screws and four rubber
elements. Instead we put some contours in the
aluminum, and then we don’t need those parts
anymore. It has an impact on the shift cable, for
sure, but the overall impact is very positive. We
are throwing out steel parts and replacing them
with aluminum elements.”
In another example, Getrag opted for snap rings
to secure the main bearings, instead of using a
Above: Both the small and
midsize Mini transmissions
were required to have
identical dimensions.
This modular approach
presented challenges for
the development team
Left: Getrag’s Rosenberg
plant, where the two
new transmissions are
being produced. The
company is also planning
to expand the facility to
meet higher volumes
Below: Production of the
6MTT350 (pictured), and
its smaller counterpart, will
be increased until 2016, as
it systematically replaces
the previous transmission
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cap and screw solution. This not only further
reduced the number of components, but also
enabled a far quicker assembly process.
Such optimization was particularly important
in the development of the 6MTT220, which
might otherwise have smaller dimensions, were
it not for the project requirement that the two
models be the same size. “Normally, the smaller
transmission could be smaller than we realized
it,” Leitermann says. “In this case, it has the same
package constraints as the bigger version, so we
had to improve the housing geometries to reduce
the weight – which has a major impact on the
overall weight of the transmission.”
Smooth, suitably BMW/Mini-like shifts were
achieved thanks to carbon friction linings in the
gears, and specifically selected springs in the
shift mechanism. The majority of the transmission
components are steel or aluminum, though the
project team did consider alternatives during the
design process. “Normally, we like to discuss new
materials like magnesium or plastic,” Leitermann
explains. “But, on the other hand, new materials
often have an impact on performance and cost.
So in both of these transmissions, the materials
are not greatly changed.” Steel was used for the
gearsets and bearings, with aluminum selected
for components not responsible for transmitting
torque, such as the housings. Plastic was used
for bearing cages and some minor oil channels.
The two transmissions went into production
at the end of 2013, with the increasingly efficient
manufacturing and assembly techniques required
allowing the entire project to be assigned to
Getrag’s Rosenberg plant – the company will
also invest US$61m in expanding the site to
accommodate future higher production volumes.
“There’s a handover from the old transmission,”
adds Leitermann. “The volume will be ramped
down until it reaches zero in 2016 – at which time
the volume of the new transmission will be 100%.
By that time, all variants of the vehicle will be
running out, and will be replaced by the new Mini
models. Also, the BMW applications will be in
series production.”

DESIGN. ANALYSE. OPTIMISE.

SMT CAE software gives transmission engineers
worldwide all the tools to develop the cutting edge
drivetrain technologies of tomorrow

Find out what you could achieve at

www.smartmt.com

WHAT’S NEW? REVERSIBLE VARIABLE TRANSMISSION

Miraculous mover

Measuring 600mm in length
and 280mm in diameter, the
RVT has no gearsets, cones,
belts or torque converter

An innovative transmission design that features spinning wheels and moving ramps promises
better fuel economy and lower emissions – and a working technology prototype is on its way
Now for something totally different: Belgian
transmission engineer Filip de Maziere, founder
of Mazaro, has patented a completely new and
different way of transmitting engine power.
Maziere, who has accumulated 25 years of
design experience and 15 patents while working
for companies such as Ferrari, McLaren, Clark
and Liebherr, believes he has a practicable
answer for a wide variety of power transmission
applications – a solution that is claimed to reduce
fuel consumption by up to 20%, operate with
minimal noise, and use a small parts count in a
compact cylindrical package.
Called the Mazaro Reversible Variable
Transmission (RVT), the technology has no gearsets,
cones, belts or torque converter – it is not a
hydrostatic transmission, a traditional eight-speed
or a CVT, all of which are leaders among current
production transmission designs.
Instead, the compact RVT development
attaches itself to the engine flywheel using either
a flexplate or an adapter for its input shaft. The
internal workings of the Mazaro unit consist of
an electronic controller; input shaft; input ramp;
three planet wheels on the input side of the shaft
arrayed at 120°; an asymmetrical sun or traction
wheel mounted to the central shaft; three more
planet wheels on the output side of the shaft at
120° apart; and an output ramp.
In operation, as the input shaft speeds up, the
three planet wheels on the input side rotate
around their specially designed hinges, with

their sharp machined edges between the input
ramp and the traction wheel. The input ramp is
forced against the planet wheels, which gradually
change their positions around the axis of the
traction wheel to a point just past perpendicular.
The output planet wheels on the other side of
the traction wheel operate against a curvature on
the wheel that is of a completely different shape,
which creates a torque multiplication of 2.4:1 as it
is pushed along the central shaft between the two
sets of planet wheels and the output ramp, which
has a different axial shape to the input cone.
The entire mechanism runs in a proprietary
lubricant developed specially for the unique
requirements of these shafts and wheels, which
are made of precision machined steel, always
running in a thin film of lubricant.

Earthmoving inspiration

Maziere says the idea of the RVT came to him when
he was working with earthmoving machinery with
torque converters, clutches and gears.
“I was looking for something that was much
more internally efficient, something that would use
the engine more efficiently, and have the engine
always at the right rpm for the conditions. So we
needed a ratio from zero to a certain amount, using
something that is rolling constantly, but does not
have the losses or the drilling motion of a toroidal
system. The wheels in the transmission move
without a drilling motion and without big slippage.
So, the slippage is only about 0.2% in our case.”
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In terms of the system managing to reverse
rotation instantly, Maziere says, “Nothing is
simpler than changing the output rotation of the
RVT. So, a hydraulic piston moves the mainshaft
axially to change the ratio. In exactly the same
way, the piston moves the mainshaft further
so that the speed ratio reduces further to zero,
and eventually past standstill to reverse, all
in one fluid movement. The input ramp, which
we call the primary ring wheel, is pushing all
traction wheels against each other through a
hydraulic piston behind it. The hydraulic pressure
is generated by a pump driven by the input
section.” Maziere claims that, in a New European
Driving Cycle, this specially designed pump will
consume, on average, only 25W. His design
and its electronic controller allow the engine
to operate continuously at its highest overall
efficiency once the driver issues an acceleration,
deceleration or cruising command via the throttle
pedal. Furthermore, Maziere believes that his
design offers excellent fuel economy, low CO2
emissions, quick throttle response, continuous
operation at maximum power and no torque dip.
In terms of size and weight, the aluminumcased Mazaro RVT prototype is roughly 600mm
in length, cylindrical in shape, and 280mm in
diameter, which compares favorably in size with
almost all European transmissions of six or more
forward speeds. The next stage for Maziere is
to do practical demonstrations soon, in order to
acquire a partner for commercial production.
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WHAT’S NEW? SUPPLIER INNOVATION

Supply and

demand
Recent technology breakthroughs from the supplier world
promise to take things to a new innovation level for OEMs

It’s not just the car makers that have been
working hard to realize crucial next-generation
transmission developments that promise better
performance while improving fuel consumption
as well as cutting emissions output. Suppliers
around the world have been just as busy with their
R&D efforts of late, with some truly innovative
technologies and concepts seeing the light of day.
At ZF, new hybrid transmissions that pave the
way for plug-in functionality have been high on
the engineering agenda for the past few months,
to the point that the company hopes to start series
production for an as yet unnamed OEM soon.
“Electrification of the vehicle driveline is not a
single goal for us,” explains Michael Hankel,
head of car powertrain technology at ZF. “The
essential aim is to reduce the direct and indirect
consumption of fossil fuels and, consequently,
also CO2 emissions. Our development strategy
for electric drives focuses on this aim.”
The German Tier 1, which is recognized as
a leader in transmission, driveline and chassis
developments and recorded sales of more than
US$22bn last year, will base its new generation
of hybrid transmissions with plug-in capability
on its current 8-speed automatic family.
A key focus for the development program has
been ensuring that drag torque of the separating
clutch to the IC engine is as low as possible, but
in addition to that, measures to enhance torsional
vibrational decoupling are also being worked on
by ZF engineers. As a result, the setup sees two
dampers being installed to reduce the torsional
vibrations of the IC engine, with one being
configured as a speed-adaptive damper, meaning
that all IC applications can be operated at high
loads from idling without excessive NVH.
The e-motor, which takes on a permanent-field
synchronous machine form, is integrated into the
transmission housing, and is cooled by atomized
oil. The peak output of the electric drive is 80kW
with constant power at 45kW.
With the supplier being close to SOP, further
details of the new hybrid transmission are being
kept secret, but ZF has gone on record to say that
the integrated starting element of the plug-in unit
is able to transfer 550Nm of starting torque, and
thanks mainly to a host of technical measures
relating to mechanics, hydraulics, functionality

and manufacture, aspects such as comfort and
ruggedness have been significantly improved
compared with current-generation transmissions.

Advanced e-drive

Building on its e-powertrain portfolio – and in
addition to the hybrid transmission with plug-in
functionality – ZF engineers have also developed
an electric axle module that can be used as an
efficient drive for pure electric compact cars or as
an electric rear axle in an axle hybrid application.
By optimizing the electric system as a whole,
the technology promises to do away with losses
that occur in certain driving cycles between the
e-motor and inverter, a critical issue that hampers
many EVs today. Such meticulous optimization
processes have also allowed for the ZF electric
axle drive to better an EV driving range by 6%.
The drive module, which is located in a central
position, generates 90kW of mechanical power
and high torque from low speeds. It features an
asynchronous motor that eliminates the use
of rare earth elements, such as neodymium or
dysprosium, and a compact one-speed ratio unit
along with power electronics and control software.
ZF says that thanks mainly to the two-stage
transmission and the system’s high-speed
design, the e-motor’s energy conversation
efficiency has been optimized for everyday use
and reaches 21,000 revolutions per minute,
meaning that the technology achieves superb
real-world performance using far less material.
The company also claims the system creates
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1,700Nm torque on the axle, enabling a typical
compact car to accelerate from 0-100km/h
(0-62mph) in nine seconds. A maximum of 90kW
is also available on the axle, and with the entire
unit weighing just 45kg, the development sets an
industry benchmark with regard to power density.
In terms of future applications, ZF’s electric
axle drive is a development project that the
supplier intends to fine-tune until ready for
standard production. Most recently, engineers
re-configured the system so that the e-motor can
develop 120kW and 2,500Nm of axle torque.

Helping hand

But ZF isn’t the only supplier that has been working
hard to realize key transmission innovations. As
part of the company’s all-new four-cylinder Drive-E
powertrain family, Volvo collaborated with Aisin
AW and Getrag to deliver a new 8-speed automatic
gearbox and an enhanced 6-speed manual, both
of which have been engineered for improved
performance and fuel economy.
Volvo’s multimillion dollar investment in
Drive-E will essentially see two four-cylinder
base engines – one diesel, one gasoline – replace
eight engine architectures on three platforms.
This same ethos has been applied to the Swedish
OEM’s new transmissions, where no fewer than
ZF’s electric axle concept
can potentially increase an eight different types of gearbox will be reduced
EV’s driving range by 6%
to just two, the new auto and manual offerings.

WHAT’S NEW? SUPPLIER INNOVATION

Getrag has commenced
production of its 6DCT250
unit in China. The DCT
will feature in the Qoros 3
hatchback and sedan models

Co-developed with Aisin, the automatic allows
the Drive-e engines to operate at a load where
efficiency is highest, says Derek Crabb, Volvo’s
powertrain VP. With the engine’s speed being
kept low, the four-cylinder is then able to return
impressive fuel consumption and far lower CO 2.
The eight gears allow for a wider gear range,
with the first gear being lower to help acceleration
and the top gear being higher to benefit fuel
consumption at higher cruising speeds on the
autobahn. During development, Volvo and Aisin
engineers paid particular attention to gearchange quality, as well as the speed at which the
gears can be changed, both of which have been
radically improved, adds Crabb.
As for the heavily re-engineered 6-speed
manual co-created with Getrag, most of the
modifications have come as a direct result of
lower weight, enhanced internal components,
reduced oil volume and significantly decreased
internal friction.
As well as aiding Volvo with its transmission
needs, Getrag has also been busy supplying
its high-end DCT technology to one of the
automotive industry’s newest car makers,
Qoros. Along with JV partner Jiangling Motors,
the German transmission specialist recently
celebrated the start of DCT production in China,
with its 6DCT250 being installed in the Qoros 3
hatchback and sedan models.

So far, the Getrag Jiangling partnership has
invested over US$84m in its Nanchang plant
that’s rolling out the 6DCT250, with a further
US$320m being earmarked for future upgrades
across the next eight years. By then, the plant’s
annual transmission capacity will have risen to
800,000 units per year.

In control

Rounding up some of the most recent high-level
supplier transmission innovations is an integrated
control unit from Continental that boasts new
functional safety requirements, as well as built-in
control of an electric power-on-demand oil pump.
Developed for Audi’s 7-speed S Tronic DCT, the
control unit, says Rudolf Stark, head of Conti’s
transmission business unit, adds a new milestone
for dual-clutch designs: “The challenges we
faced in developing this new control unit included
packing far more functionalities into less space,
while at the same time ensuring that the control
unit supports the outstanding fuel efficiency of
this transmission, the dynamic performance it
enables, and its fast shifting.
“Another key requirement is the functional
safety of the transmission control unit, which
in this particular case is implemented to ASIL-D
specifications for the first time worldwide. So, to
make that possible, we have employed a new
architecture and new technologies.”

Not only did the new control unit have to fit into
an extremely restricted installation envelope,
it also needed to be designed to handle the
control of an electric transmission oil pump. As
a result, Conti’s engineering team ensured that
its brushless motor can provide power to supply
just the right amount of oil to the dual clutch
and gear actuators, and this power-on-demand
arrangement cuts the energy requirements of the
transmission as a whole, allowing key efficiency
benefits to be realized.
Armin Gottschaller, head of development
at Continental’s transmission business unit,
further explains the technical setup: “Owing to
the lack of space within the [VW Group] MLB
specifications, we located signal-processing and
power components on the same circuit board.
This meant bonding the components to a hightemperature-resistant substrate.”
The unit’s bare-die, high-density interconnect
(BD-HDI) substrate has been specially developed
by Conti engineers. “Today, BD-HDI substrates
are increasingly being used instead of ceramics
because this way we can realize a larger number
of functionalities in demanding temperature
conditions,” adds Gottschaller. The end result
of such endeavors is that the upgraded 7-speed
S Tronic control unit has the capacity to operate
in transmission oil that can reach temperature
levels of 148°C.
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FUTURE OF TRANSMISSIONS

A shift
away
The move to multispeed solutions for EVs and PHEVs
remains in its earliest stages. TTi catches up with some
leading suppliers to talk about the latest thinking on
developments beyond single speed setups and what the
e-powertrain future holds for the transmissions sector
WORDS: FARAH ALKHALISI

S

ingle-speed simplicity has, so far,
been the predominant transmission
solution in the electric vehicle world,
with even high-profile – and
high-cost – creations such as the
Tesla Model S and BMW i3 featuring just
the one forward gear, as well as the more
price-sensitive electric urban runarounds and
microcars. Nonetheless, suppliers and OEMs
are working on a variety of more advanced
and complex multispeed transmission
solutions in response to market trends and
the ever-increasing pressure to enhance
energy efficiency.
Adaptation and automation

An increasing desire for automated
transmissions in general, especially in
developing regions, is influencing R&D
activity. “The increasing living standards in
many parts of the world leads to a growing
demand for a comfortable driving experience,

resulting in more customers seeking an automated
transmission,” confirms Harald Merkel, technical
specialist in friction technology at BorgWarner. “A DCT
offers a good performance, comfort and the flexibility to
integrate with a hybrid or electric powertrain. The wet
dual-clutch technology, combined with hydraulic
actuation and supplied by an on-demand electric pump, is
the optimum solution to satisfy customers in all segments.”
In EV applications specifically, the DCT provides high
efficiency and low parasitic losses, enabling smooth shifts
without torque interruption. “An electric motor has much
higher rotational speeds than an IC engine,” Merkel explains.
“Thus, the transmission should be robust and efficient enough
to handle high rotational speeds and high ratio steps
between two gears. Wet DCTs are ideal for this challenge.
“However, what is new or different with a DCT for EVs
and HEVs is the emphasis placed on the electronic
communications needed to match the electric machine
to torque and speed requirements during shift events.
The transmission enables more robust shifts and control
strategies, and the clutch sizing and cooling requirements
are lower.”
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FUTURE OF TRANSMISSIONS
ZF is just one of many transmission
suppliers that’s accelerating R&D
activities that are focused on the
growing electric vehicle sector.
Pictured here is the company’s
Electric Twist Beam concept (right)
and its hybrid module (below)
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Paolo Mantelli, head of performance automotive at
Oerlikon Drive Systems, agrees with his BorgWarner
counterpart on the move toward automation: “We
specialize in the niche sector rather than the high-volume
market, but we can see some clear trends emerging, such
as the move toward non-manual transmission types in all
but the most exotic performance cars,” he says.
“However, because they are light, efficient and
compact, AMTs are making a comeback against DCTs,
thanks to the possibility of using an electric motor to
overcome their traditional weakness: torque interruption
during shift events.”
The Oerlikon Graziano OGeco automated-manual
transmission, optimized for a high-performance hybrid
but suitable for a variety of powertrain and driveline
architectures, provides the “fastest possible shift speed
in maximum performance mode, without compromising
shift comfort in low- to medium-performance modes”,
according to Mantelli. “It matches the refinement of a
DCT by using torque infill from the electric motor, but
at lower cost, higher efficiency and with less weight.”
Oerlikon Graziano’s DCT technology, meanwhile, has
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1. Production of ZF’s
8-speed automatic
transmission for passenger
cars at the company’s
Saarbrücken plant. The
Tier 1 is now working on a
new hybrid transmission
with plug-in functionality
that’s based on the
8-speed architecture

formed the basis of its 4SED powertrain: an integrated
twin-motor, four-speed setup, in which the motors replace
the original pair of clutches and synchronizers.
CVT-based solutions should not be ruled out, either.
Bosch recently claimed that within a few years, the market
share of CVTs will grow from 20% to 25% of all
automated transmissions fitted. The Tier 1 also points out
that CVTs can save fuel in hybrid powertrains as they
enable the IC engine to run at higher speeds closer to its
optimum operating point; more energy not used for
forward propulsion is then captured in the battery,
increasing electric range. Meanwhile FEV North America
exhibited a 2-speed eCVT earlier this year, for use in
an EV or as part of an extended-range hybrid system,
and demonstrating suitability for packaging within a
downsized engine compartment; this transmission, with
no torque converter, is said to be 10% lighter, shorter and
less costly to make than a comparable DCT.
The financial factor

Developing more advanced technologies for what is still a
very small market sector remains financially challenging,

FUTURE OF TRANSMISSIONS

3

4
3. Audi’s 8-speed tiptronic
automatic transmission
with electric motor that
features in the A8 Hybrid
4. Paolo Mantelli, head
of performance automotive
at Oerlikon Drive Systems,
says single-speed
reduction transmissions
will always hold a key cost
advantage over competing
gearbox technologies

2

2. Oerlikon’s OGeco
hybrid transmission
with torque infill delivers
improved vehicle
performance and
reduced emissions

however. “Transmissions for EVs are still a very niche part
for us,” says Bernd Vahlensieck, ZF’s head of driveline
technology, advanced engineering and design, who thinks
that single-speed systems will remain the norm in electric
vehicles for some time yet. “There is demand only for
niche applications,” he adds.
Yet, “Cost is less of an obstacle than you might think,”
counters Mantelli, “because multispeed solutions can use
a lower-cost motor for the same installed performance as
a single-speed transmission.
“However, where lowest cost is the main priority, a
single-speed reduction transmission will always have
an advantage.”
There are, however, technical disadvantages to singlespeed transmissions. “There is a fundamental mismatch
between the rotational speed of the road wheels and the
preferred operating speeds of an e-machine,” Mantelli
points out. “Although it is true that an electric motor
generates maximum torque from zero rpm, the motor
efficiency is poor at such low speed. For the lowest-cost
solution, a driveline with no reduction gearbox is attractive,
but performance, efficiency and range will be compromised.”

Choosing the right number of ratios, therefore, is
necessary to provide the optimum solution for a particular
application. “Modern simulation techniques enable
detailed comparisons of vehicle efficiency and
performance attributes to be made at the concept stage,
while evaluating the alternatives,” explains Mantelli.
Efficiency gains – and performance benefits

The general consensus across the automotive industry is
that multispeed transmissions can play an important role
in maximizing energy efficiency levels and thus, in the
case of pure battery-electric vehicles in particular, can
increase the overall operating range. “Transmission
efficiency is a key enabler that can help optimize battery
range and cost,” says BorgWarner’s Merkel. “Multispeed
transmission also gives the OEM the opportunity to
operate the motor and the generator in a more efficient
range.” Indeed, according to Merkel, BorgWarner’s
3-speed version of its eGearDrive, in an electric bus
application, enables the 150kW motor to operate within a
92-95% efficiency range for both driven and regenerative
braking modes.
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Mantelli concurs: “There is a genuine
improvement in overall efficiency
with a multispeed transmission,
typically of around 15%. This
can be taken as a performance
increase or an extension in
range, depending on the control
strategy required. The overall
efficiency improvement comes
from operating the motor for much
of the time at around 90% efficiency
instead of 60-70%.”
Both engineers identify particular
issues, though – not least the
expectations of the end user. “The
challenge is to perfectly match a
transmission shift event with the
electric motor controlling torque
management and speed,” explains
Merkel. “The usual expectation
for shift changes with EVs is to be
seamless, quiet and undetectable by
the driver.”
Mantelli adds: “You cannot separate
satisfying driver expectations from meeting
the other technical requirements. Ultimately,
any solution must be appealing to the
consumer in terms of cost, range,
performance and driving comfort.”
Integrated innovations

For some applications, alternative products
are emerging that bridge the gap between the
more complex multispeed gearboxes and the
lower-cost single-speed transmissions –
including those in which the transmission
and motors are integrated into a single
module or unit.

3

TECHNOLOGY TRANSFER

1

2

The move away from the traditional engine-gearbox powertrain
layout, combined with increasing electrification in a diversity
of market segments, has opened up opportunities for small
start-ups as well as the major suppliers – and greater potential
for technology transfer between different industries and
sectors. One example of this comes from London-based electric
motorcycle maker Agility Motors, which has won an award
from the UK government’s Technology Strategy Board for its
multispeed transmission for electric vehicles, developed initially
for a motorbike. “It literally has no clutch,” says Agility CEO
Lawrence Marazzi. “This means far fewer components, much
lower weight and lower cost, and you can increase the efficiency
and change the way the transmission interacts with the rider if
you control various elements.”
Agility’s debut product, the Saietta R sports bike, is singlespeed, but this multispeed transmission has been designed to
be licensed for a wide variety of uses. “When we developed it,
we knew there would be a great deal of interest in it for light
commercial vehicles. The system can be scaled and changed
for all sorts of other applications, but is absolutely applicable
right now in its current design for light commercial vehicles,”
says Marazzi, describing the technology’s low cost, efficiency
and “tiny” size, and suggesting that it would also be suitable for
marine and industrial applications as well.

1. The pioneering BMW i3
utilizes a single-speed,
fixed-ratio transmission
2. New multispeed
transmissions have the
potential to increase total
drivetrain efficiency over
single-speed products
3. Though current EVs,
such as the i3, tend
to favor single-speed
arrangements, significant
R&D resources are being
dedicated to multispeed
development projects for
future EV applications

Oerlikon Graziano’s 2SED technology, for example, is
a simpler option to the previously mentioned 4SED and
OGeco: a 2-speed seamless-shifting transaxle designed
for passenger cars and light commercial vehicles that can
be coupled with a transverse electric motor. “It has been
defined as perfect for inner city transport, not only for
the reduction of CO2 emissions and noise, but also for
considerable cost savings,” says Mantelli. “The 2SED
transmission has been demonstrated in a Mercedes-Benz
E-Vito electric taxi. Depending on driving style, compared
with a single-speed it showed improved acceleration,
gradient climbing and top speed, or reduced energy
consumption.”
Meanwhile, the MSYS multispeed traction system
developed by Drive System Design in collaboration with
Yasa Motors, MIRA and Jaguar Land Rover integrates an
axial flux motor with a 3-speed hydraulic powershift
transmission to give a 40% weight saving and claimed
efficiency improvements of 10-15% in an EV compared
with an equivalent single-speeder, as well as drawing less
power for shifting than a DCT.
BorgWarner’s eAWD has hybridization and powertrain
combined into one compact, robust package consisting
of two electric motors as a rear axle module.
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“Transmission efficiency
is a key enabler that
can help optimize
battery range and cost”
Harald Merkel, technical specialist,
BorgWarner Transmission Systems

2
1

Supplementing the engine-driven front axle, one motor
provides propulsion torque to the rear wheels and a
much smaller second electric motor adjusts the
differential torque left to right between the rear wheels
on a balancer shaft to allow torque vectoring. This
demonstrates how electrification can complement
handling and stability control technologies as well as
enabling all-wheel drive. Also suitable for all-electric
vehicles, eAWD eliminates the need for a mechanical
power transfer unit and propshafts.
ZF, too, has been working on an electric axle drive
system: “It’s an electric drive with high power density that
is centered on the axle, with very good driving dynamics
and a better range,” says Vahlensieck. The high-tech

1. A BMW Group employee
works on an electric motor
and gearbox assembly. In
the last three years, the
OEM has brought to market
a raft of hybrid and electric
vehicles, including the
revolutionary i8 and i3
2. The BorgWarner
single-speed eGearDrive
3. BorgWarner’s eAWD
eliminates the need for a
mechanical power transfer
unit and propshafts

system is especially, but not exclusively, suited to
subcompact and urban vehicles. Going a stage further
in weight- and space-saving, ZF’s Electric Twist Beam
concept (eTB), presented at this year’s Detroit Motor Show,
integrates transmission and motors into two separate
drive units within a semi-automatic suspension system,
also enabling torque-vectoring.
Direct-drive in-wheel drive systems are also on the
verge of coming to market. Protean Electric’s Protean
Drive, which comprises motors, inverters, control
electronics and software in a unit packaged behind
a wheel, goes into production this year, and a drivetrain
is now under development for FAW-Volkswagen’s Bora
sedan in the Chinese market.
Multiple outcomes

3
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Ultimately, however, the development of transmissions for
electric and hybrid vehicles will be more about appropriate
solutions for different applications, and different regions
or markets, rather than the emergence of any one predominant
and all-conquering technology.
ZF’s Vahlensieck believes that, in the foreseeable future,
“There will be mainstream – with a simple one-gear,
probably two-step, transmission – and niche solutions
for special and maybe not so cost-sensitive applications.”
Oerlikon’s Mantelli agrees: “The preferred technology
depends upon the requirements of the application. An
urban delivery vehicle with large payload variation, a
range-sensitive commuter vehicle and a hybrid luxury
sports car will each prioritize different aspects of their
performance. We would expect to tailor a solution
individually for each one.”
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OEM INSIGHT: FORD

Transmission
evolution
WORDS: JIM McCRAW

Ford’s focus on research and development,
innovation and collaboration continues
to help America’s second largest car maker
to evolve its transmissions product portfolio

F

ord’s world of transmission technology takes many
forms at its US home base, for the simple reason that
it now makes more gearbox variants than it ever has
before. From medium-duty trucks such as the F-750
to pickups, passenger cars, performance models,
SUVs, crossovers, hybrids and pure electrics, the Ford world
stretches farther and wider today than at any other point in
the company’s rich history.
The man who looks after Ford’s transmission business is
Chuck Gray, who operates from the top floor corner office
of Ford’s gigantic transmission plant in Livonia, Michigan –
just a few kilometers from Dearborn, home to Ford’s global
headquarters. Gray commands a staff of 700, with an additional
50 involved in transmission research and development, but
having that core R&D capability in-house and in the USA is
something that he’s particularly proud about: “The cool thing
is that we make the transmissions we engineer right here in
Livonia. That’s old school. We have the Van Dyke plant in
Sterling Heights, Michigan, that builds the 6F-35 front-drive
transmission as well as the hybrid transmission. That facility
is also responsible for axles and driveline systems. Then we
have the Sharonville plant in Batavia, Ohio, manufacturing
the 6R-140, the 6R-100 and the 6R-80 units for the pickup
trucks and the Mustang. Having all that core capability is
really important.”
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Ford operates three transmission plants in the USA,
located in Livonia, Michigan; Sharonville, Ohio; and,
pictured here, Sterling Heights, which is also in Michigan.
Last year, the Sterling Heights facility added 225 new
jobs and benefited from an additional US$225 million
of investment so that it can build hybrid transmissions
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“The torque converter is a very useful
device, and people are redefining how
they use it. It’s great for launch. It’s
very hard to replace the function it
can provide, that quick multiplication.
But, we are seeing competitors”
And on top of that US-based in-house
expertise is a new partnership with rival
General Motors that builds on a previous
joint-venture agreement that saw the two car
makers successfully build 6-speed front-drive
transmissions. The new collaboration will
result in an all-new family of Ford/GM 9and 10-speed automatic units for the North
American market that will rival Chrysler’s
ZF-sourced products, though no manufacturing
site for the new autos has yet been selected.
Key research

Most of Ford’s R&D for transmission and
driveline systems takes place in Dearborn, at
the Ford Research and Innovation Center,
under the direction of engineering head Paul
Mascarenas. “We work very closely with the
transmission and driveline team there, where
they take technologies from invention-level to
implementation-ready, including transmission
layout, which kinematic structure we’re going
to use and what devices we will use it in,” Gray
outlines. “At some point, we agree a plan and
when we are ready to move forward on a project,
it comes here to Livonia, and we productionize
it, develop it, and do all the testing. It’s a very
close, good relationship. I have design reviews
with them regularly. We just find the best
resources and skill sets. My staff here filed for
more than 100 patents last year alone, and the
research folks had quite a few, too.”

Above: Chuck Gray, head of Ford’s
transmission division, says now is the
most exciting time to be a transmissions
engineer given the car maker’s broad
product portfolio, which includes IC
engines, hybrids and pure electrics
Below: The 6F50 automatic is a result of
Ford’s JV with GM and has gone on to
feature in a raft of Ford, Lincoln, GMC,
Buick, Chevrolet and Cadillac models

According to Gray, Ford’s transmission R&D encompasses
every area of the transmission, including case materials and
metallurgy, shaft materials and designs, as well as a focus
on internal inertia reduction.
“One of the new frontiers that is very current is delivering
fuel efficiency,” Gray adds. “We’ve seen the industry spend
a lot on the engines, appropriately so, and we’re not even
close to being done yet, but that same level of detail and
technology influx is happening in transmissions too. We’re
seeing quite a variety of technologies brought to market
and that means the innovation space is really fertile.
What’s the solution? Well, we’ll see.
“People are going to try different things. Over time, we
will see a bit of vetting and the convergence of a few key
technologies. There is a lot of opportunity to make further
improvements in driveline and transmission efficiency,
with the most obvious being a wider span with more speeds,
to keep the engine in the right spot for the customer’s
demands, and to make sure that no matter what the
customer does, we can put him/her in the best place for
fuel efficiency, including all-wheel-drive systems.”
With such efficiency measures in mind, does that mean
there’s finally a way to get rid of that energy hog, the torque
converter, or tame its energy-eating ways? Gray is somewhat
guarded: “My crystal ball isn’t any better than anybody
else’s. The torque converter is a very useful device, and
people are redefining how they use it. It’s great for launch.
It’s very hard to replace the function it can provide, that
quick multiplication. But, we are seeing competitors. We
are seeing a trend in industry for using it less – for launch
only, for example. Another camp says we don’t need it and
we can use clutches to do the job. Everything has a
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trade-off. So, for example, we have used a
dual-clutch in the Focus and the Fiesta for
many years – our 6-speed PowerShift.”
Space invaders

Gray freely admits that, especially in the
hugely popular and important front-wheeldrive applications, transmission space in the
chassis is limited, so putting 9- and 10-speed
products in the area currently occupied by
6-speed designs presents a new set of issues
for the design and materials of gearsets.
“Certainly, we have designs and grades of
steel that we can select from to optimize weight
and package, particularly for front-wheel drive.
To deliver the lightest weight is clearly a goal.
Adding all these speeds – when cars are getting
smaller, not bigger – means we have to package
the new transmissions in the same space.”
But how can such a challenging goal be
achieved? “We use CAE tools to really
understand the life of a mechanical part over
the customer duty cycle,” explains Gray. “We
gather more knowledge of what the customer
does, based on feedback. We use tools that
are better correlated than ever, to simulate
what that does to the mechanical part. Then
we can have better knowledge of the materials
we select, to pick the right one more accurately.
“In the old days you would build it, test it,
see what broke, and make it stronger. Maybe
the parts that didn’t break were overdesigned,
so we would want to go back and see if we
could make them lighter, and then see what

Above: Gray says the Sterling Heights
facility is a great model of transmission
manufacturing flexibility, rolling out the
new hybrid transmission on the same
lines as the 6F-35 front-drive unit
Below: Ford’s fuel-saving, six-speed
automatic front wheel drive transmission
has been successfully applied to
numerous products, including the Edge,
Escape, Fusion and Explore models

broke. But the automotive development cycle means that
we have to get it to a point where it meets requirements –
aggressive targets – and then if it passes, it’s good.
“We can get to a point where clearly it’s beyond what the
customer would expect, but there’s not much margin, because
we can’t afford it in terms of weight and package. Now we
just bring a lot more analysis to the design at the very
beginning. If it doesn’t perform as expected, we go back to
the models and correlate where the model went wrong.”
With unbroken leadership in pickup truck sales going
back nearly 40 years, Ford pays special attention to the
long-term durability of its truck-sized automatic units in
order to satisfy the needs of fleets and commercial users
so that they keep coming back.
“We’ve been working on automatic transmissions for
trucks since the 1950s,” Gray says proudly. “We’ve been
very successful at delivering a tough truck in terms of
transmission and driveline, even more so in the latestgeneration 6R-140. It’s just stellar, it really is. The customer
feedback is the best ever. We’re very happy with the way
we are able to bring the new intellectual power, data and
modern tools to the design table, and it’s serving us well
on our next generation, the 10-speed.”
Improving control

In addition to lighter weight and less complex cases, and
narrower and stronger geartrains in 9- and 10-speed designs,
Gray says that engine and transmission electronic control
systems will continue to play an important role.
“I think we are at a point in our execution of the control
systems that delivers customers’ desires and expectations
for smoothness. What you will be seeing in the new
Mustang, for example, is some really clever additional
features that will make the transmission function match
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the vehicle’s personality – things like launch
control and selective shift features that are
more attuned to the character of the car. The
good thing is that we can satisfy the base
requirements, based on the data. Now it’s a
case of how much further we can go with
surprise and delight, even beyond specialty
cars like the Mustang?”
Gray believes that the high-tech electronic
control system in the new Mustang will
enable the car maker to offer the exact same
transmission in the standard V6 models as in
the high-performance GT versions coming
later, because the electronic controls and
software can – and will – be tailored accordingly.
What’s more, says Gray, with the coming
generation of 9- and 10-speed automatic
transmissions and their electronic control
algorithms, Ford’s cars can be all things to
all people – from customers with the 1-liter
three-cylinder EcoBoost turbo engine in the
new Fiesta, to those with the 5-liter V8 beast
in the new Mustang.
“It’s a matter of us using our collective
brains to operate the ECM in the best way
possible given the customer conditions,” adds
Gray. “I think it’s pretty exciting. There are
very few things we think of that we can’t call
the software guys in for help or solutions.
There is a lot of opportunity within controls,
because you can code so many things now
that the hardware does not support.”
Ford is looking very hard at any aspect of
the transmission that doesn’t use energy to

Above: Opened in 1968, the Sterling Heights
transmission facility continues to be upgraded
and modernized. It houses just under 1,400
employees and is responsible for 4F27E
(FN), 6F50 (6F), 6F55 and 6F35 (6F Mid)
automatic transmissions as well as the HF35
hybrid transmission and various stampings
Below: Advanced new materials – and
specifically new grades of steel – are
helping Gray’s engineering team to optimize
both transmission weight and packaging
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propel the car down the road, including the losses incurred
by pumping and routing automatic transmission fluid. “The
way we pump it, and when we pump it, is a very big part
of transmission efficiency. We are putting more R&D and
more investment into our designs because this is key.
“Another area of innovation that we are very active in is
the way we engineer the cooling systems for the transmission
and the engine. For efficiency, we need the ATF to be
at the right temperature as quickly as possible for the
warm-up cycle, but we also need cooling capacity for
uphills and trailer towing. It’s really looking at whole
temperature exposure and the whole driving experience
to get the optimum solution.”
Yet having so many different transmissions on the go
means that manufacturing flexibility is just as important
as innovative R&D, and Gray points to the Sterling Heights
plant as a great model: “The hybrid transmission uses
planetary gears and two electric motors. It’s a mechanical
CVT with electric drive and no torque converter. Yet it’s
built on the same lines as the 6F-35 front-drive transmission,
with a different test stand at the end of the line.”
And Ford’s transmission chief is just as clear on the
subject of potential future partnerships and joint ventures
in this area, indicating that Ford is open to all possibilities.
“There is a lot of R&D, a lot of interest. People are
realizing that there is a great deal of opportunity in the
transmission and driveline world. There are a lot of
startups. We do get approached at times with new ideas
from people who want to work with Ford, which is great.
We have a process to bring people through our technology
group if we like something we see. It’s great that people
are thinking about it, spending money on it and putting
time in on it so that we can move the whole community
and move the whole industry forward.”
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OEM INTERVIEW: PSA PEUGEOT CITROËN
CITROEN

Action
plan
As part of its future expansion plans, PSA Peugeot
Citroën is focusing not only on new architecture that
will spawn next-generation products, but also, as head
of powertrains Christian Chapelle reveals, advanced
engines and drivetrains, including various gearboxes
WORDS: JOSH BENTALL

Over the years PSA has taken great pride
in having extensive in-house transmission
development capabilities, and that’s
especially the case when it comes to
manuals. How important is that for you as
a company and in terms of future plans?

We’ve always developed our manual
transmissions in-house and that also includes
their manufacture. From my perspective, this
gives us many advantages, including actual
development benefits as well as cost
advantages. For our automatics, it’s a different
story. Our AMTs are homemade, like the
manuals, but the ATs are the result of
joint-venture cooperations.

is not so simple because demand is increasing all
over the world for this particular type of transmission.
If we drill down into specifics, what’s PSA’s
current product split between various types of
transmission designs and how do you see this
changing in 5 to 10 years’ time?

Today – and on a global basis – 75% of the Peugeot and
Citroën vehicle production is equipped with a manual
transmission. For the remaining 25%, two-thirds of that
comes with an AT while around one-third is AMT. We
don’t offer any CVTs or DCTs in our product lineup.
However, for 2020 these figures will change drastically.
What developments are your team working on
now for future applications?

For the ATs, PSA works closely with
Aisin Warner. At present, what’s the
production split between your in-house
developed transmissions and those
coming from the supplier and how will
this change in the future?

We have planned a new medium MT 6-speed and a new
generation of AT in cooperation with suppliers.

It’s a good question. Currently I’d say the split
is, more or less, 50-50. We will continue to
develop and produce the MTs in-house as we
head into the future. For the ATs, the answer

This technology is key to the Hybrid Air concept as a
whole. It’s really a gearbox dedicated to this development,
but it also represents an important R&D effort as well
as being important in terms of capex.

In terms of specific developments that have been
shown recently, how important is the clever gearbox
created for the Hybrid Air project?
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Looking at the market overall, by 2020 which
transmission types do you think will be ‘winners’
and which will be ‘losers,’ including DCTs and CVTs –
gearboxes that PSA currently doesn’t offer?

We think that in the future the AMT will be mainly
reserved for small car applications as an entry proposal,
perhaps for the more basic models. For the other
transmission types, we will see an increase in terms of
global demand but I don’t see there really being one winner
because all technologies are improving a lot, and that’s also
true for the traditional AT as well as CVTs and DCTs. I
think we will see an increase in gear numbers on ATs and
DCTs, which currently are on 8 for many transmissions, a
few are on 9 but I think there will eventually be 10-speed
systems too. In terms of CVTs, they will be more dedicated
to small cars with small engines.
You’ve mentioned that the industry is headed
toward 10-speed solutions. Do you see that
increasing further?

It is a general trend to increase the number of speeds in
gearboxes, and as I said we’re going from 8-speed to 9 and
now 10. But we must not forget that we have to propose
affordable products to all our customers and affordability
really is a key driver for PSA R&D.
Emerging markets are vital elements of PSA’s growth
strategy. How are the likes of China and India developing
in terms of their specific transmission needs?

Half of the Chinese car market is slanted toward
automatic transmissions, and with the enormous
continued development of this market, in the next five
years AT volumes will increase dramatically. In India they
really like the manual and it will stay that way until
around 2020, with MTs still having a 75% share then.
Will the hybridization of transmissions
become more popular in the future?

That’s certainly one solution. I think we will see more
proposals from OEMs based on this concept.
By the end of this decade, how will the use
of materials in next-generation transmission
solutions change?

That’s an interesting question, but personally I
believe that the type of materials used will stay
more or less the same – and that’s on a global basis
too – so we will continue to use forged and sintered
steel and aluminum alloy. However, there will be
plenty of work done between now and 2020 to realize a
lot of improvement with these materials, such as further
reinforcing them, making them lighter, as well as
increasing the torque capacity of the gearbox. There will
also be a lot of work undertaken on tribology, with lowfriction coatings and oils, to decrease friction and improve
mechanical efficiency.
How long does it typically take PSA to develop a
new transmission and how will that change in the
next five years?

The development of a new transmission takes around
four years to complete. Looking into the next five years,
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1
1. PSA Peugeot Citroën has
confirmed it will continue
to design, develop and
manufacture manual
transmissions in-house
2. The powertrain test
lab at PSA’s Belchamp
facility also covers test
cycles for gearboxes
3. PSA develop all of its
MTs and AMTs in-house,
while ATs are the result of
joint ventures with suppliers
2

I don’t really see that timeframe decreasing, especially
as new transmissions will have far greater technological
content, making them more complex. Tomorrow’s
transmissions, for example, will feature far more
functions, such as driving assistance, that require a lot
of interactions between the engine, the gearbox, the
steering, the brakes and the HMI, to name just a few
core subsystems.
How do you think that transmissions for
electric vehicles will evolve from the existing,
and somewhat rudimentary, one- and two
speed solutions that are currently available on
3
the market?

I think electric vehicles will stay at low volumes
in terms of sales and production for a period of
time and as we progress into the future. As a
result, for us, the main focus of development will
be dedicated to ATs in order to improve CO2
emissions, to integrate hybridization and realize the
new and complex driving assistance functionality
already mentioned.
PSA is a pioneer when it comes to sharing
technology development with other car
makers. Will this remain the case for
transmissions heading into the future?

I don’t see why not. PSA Peugeot Citroën has developed
very efficient and fruitful cooperation in engine
development but also in the past on ATs. As a company,
we’re always open to interesting opportunities.
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TESTING AND VALIDATION

As transmissions get more complex
and next-generation vehicles become
quieter, crucial testing and validation
processes are having to evolve – but
are they changing fast enough?

I

n an age of far longer vehicle warranties and bad
publicity surrounding recalls for defects, durability test
programs need to be more comprehensive and accurate
than ever before.
Broadly speaking, durability assessment of gearboxes
falls into two categories. At the prototype level for a new
transmission, design verification or development testing is
performed to confirm the components against the design
standard. These accelerated tests cover such areas as gears,
shafts and gearshift component durability. Often, parts
are tested until failure as a means of validating the design
and manufacturing processes. Testing under maximum
load conditions produces results in the shortest possible
time and a complete manual transmission gear durability

cycle can usually be conducted in three to four weeks,
according to UK-based engineering consultancy Ricardo,
which designs and develops transmissions from concept
through to production.
Later in the development program, the focus switches
to system tests, which can include the engine and
driveshaft assemblies as well as the transmission.
Validation tests are typically derived from anticipated
road-load duty and will include simulations of town, city,
highway and other specific driving scenarios. Naturally,
these take much longer than steady-state tests to accrue
the same ‘damage’; at Ricardo, for example, it is not
uncommon for such a test to last four to six months.
There’s no industry standard for transmission durability
testing – OEMs have their own criteria, while some
suppliers also have internal standards that can be aligned
with the customer’s requirements. Test programs will be
defined according to a specific vehicle application, with
the aim of achieving 100% of the duty cycle without
product failure or damage.
Italian transmissions supplier Oerlikon Graziano
operates across four continents and its test department in

Testing of transmissions is
entering a new phase as
gearboxes adopt more
engineering sophistication.
Pictured here is a test cycle
being undertaken at AVL
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Rivoli houses all the necessary equipment for durability
optimization, consisting of virtual tools and test benches.
A growing focus on improving the correlation between
durability testing and real-world use has resulted in
closer cooperation between suppliers and OEMs to obtain
real-world data to define test specifications. Gabriele
Mussa, head of the testing department at the Tier 1, notes,
“In order to achieve more realistic test conditions, we
have seen more involvement from the customer in data
acquisition from the vehicle and the processing of this
data for the duty-cycle definition.”
A similar trend has been seen at Getrag, which designs
and manufactures manual and DCTs, as well as gearboxes
for hybrid and electric vehicles. “If it’s agreed with the
customer, then we sometimes acquire our own road-load
data based on the application,” explains Alexander Strube,
director of core DCT technology. “We sit in their cars, on
their tracks, getting the data and transferring it to our systems.
We can use it for up-front analysis at a CAE level, and put
it on our dynos for every gear and every clutch.”
1
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WHAT’S THAT NOISE?
Two NVH problems commonly associated with transmissions are gear whine
and rattle. Gear whine, perceived as being greater due to a reduction in other
vehicle noises, is caused by vibrations in the gears as they mesh. Meanwhile,
lower idling speeds and lighter flywheels have added prominence to gearrattle issues. Other undesirable transmission noises and vibrations include
driveline ‘clunk’, powertrain ‘boom’ and gearshift ‘tizz’.

1. At Oerlikon Graziano,
endurance testing involves
repeated runs through all
shift combinations at high
load, high speed and
different load gradients
including the time from
zero to maximum load.
These accelerated test
techniques typically run
for around three months

Depending on the OEM’s sign-off cycle, Getrag might
also receive data that reflects a certain vehicle mileage. In
addition, the supplier has its own database of field data
from different types of road to feed into its CAE work.
The company’s internal standards specify that all
transmissions should be able to travel 240,000km
(149,136 miles), which equates to 10 years of use, made
up of motorway, city and rural driving. On a dyno, an
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3

2

2. Most of Ricardo’s NVH
testing is performed at its
UK facilities in Leamington
Spa and Shoreham-by-Sea
3. Oerlikon Graziano’s R&D
test facility in Rivoli, Italy

“In order to achieve more realistic test conditions, we have
seen more involvement from the customer in data acquisition
and the processing of this data for the duty-cycle definition”
Gabriele Mussa, head of testing, Oerlikon Graziano

accelerated test of around 60,000-80,000km (37,28449,712 miles) represents 200,000-240,000km (124,280149,136 miles) on a real road. On an electric dyno, Strube
says, that’s around four to five weeks’ testing at 90% use.
Hugh Freeman, principal engineer of Ricardo’s UK test
operations, says, “The vehicle application [the same
gearbox may be implemented in both cars and LCVs]
and the warranted mileage are major factors in
determining the correct road-load conditions for
a durability cycle. The biggest challenge is in
designing a transmission for a new vehicle in a
new market. In this case, the anticipated duty
has to be estimated from whatever projections
are available. If weight targets are not too
onerous, for example, a greater safety factor in
the design could be adopted to minimize risk.”
Ricardo’s engineers use a mixture of in-housedesigned and bought-in measuring equipment to
log the results of the durability cycles. “The principal
requirements are measurements of shaft torque –
via strain-gauging techniques – and speed,” Freeman
explains. “Secondary requirements are temperatures,
pressures, vibration and, in the case of repeated cyclic
testing, the number of cycles achieved. Ricardo makes
special equipment for monitoring NVH and gearshift
quality. Proprietary data-logging equipment – typically
from HBM and National Instruments – is also used.”
A kind of hush

But cars aren’t just getting more reliable; they’re becoming
quieter, too. This has meant less masking noise for NVH
issues and has led to an increase in customers’ sensitivity
to vehicle noise – particularly from the transmission.

For suppliers such as Ricardo, the upshot
is that NVH testing is now more important
than ever, with the focus firmly on addressing
issues early in simulations, rather than
encountering them much later during
prototype testing or even during durability
runs on the rig.
The company’s chief engineer for NVH,
Simon Gregory, says that gear-noise risk is
evaluated at every step of the design and
development process for a new
transmission, with an emphasis on
optimizing the design as early as
possible: “At concept level, quick
and easy gear-noise risk-assessment
and comparisons are carried out,
whereas at the detailed design stage,
dynamic analysis of transmission
behavior is used to objectively
quantify gear noise,” he explains.
“It’s extremely important that NVH is
considered from the outset. In the early
stages of the program, design changes
can have a high positive impact on
NVH performance because fewer design
parameters have been fixed. In the latter
stages, the opportunities for changes are
fewer and costlier, because more of the
design is already frozen.”
As such, simulation is key to NVH
optimization, particularly in the early
development stages. Ricardo uses its
own Sabr software package for gear-shaft
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alignment, transmission error and force prediction (for FE
analysis of radiated gear whine), and gear macro-geometry
design and analysis programs. It also has Dontyne
software for gear micro-geometry design and simulation,
and OptiStruct, Abaqus and Nastran for structural
simulation. Meanwhile, Ricardo’s own Valdyn software
and MSC Adams packages are used for dynamic analysis.
“Simulation is extremely important, from the initial
concept right through to support of the detailed design
work,” Gregory adds. “When designing a new transmission,
at the start of the project it will be 100% simulation. By the
time we get to validation phase, it is 100% physical testing.”
Back at Getrag, a small team of engineers work on
optimizing NVH to defined targets agreed with the
customer. Strube explains the various test setups: “We start
with CAE at the component, subsystem and system level.
We do all the pre-analysis extensively using CAE and
then we go into two phases – the attribute phase and the
confirmation phase, which is a verification of what we
have as a result of CAE.”
Initial structural analysis is carried out in Abaqus.
OptiStruct, SimulationX and Adams are then used for
multibody analysis. For very specific analysis, Getrag
engineers use Matlab to program new modules. “We
also have software – Romax and KISSsoft – for the
micro-geometry and bending within the transmission.
For gear excitation, which is important for gear rattle
and gear whine, we use LDP,” reports Strube.
Oerlikon Graziano’s testing department has a dedicated
NVH room with optimized and equalized reverberation
time focusing on noise playback and analysis. “The NVH
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1. ZF’s dynamic driveline
test rig for passenger car
applications is used widely
by the German Tier 1
2. For drivetrain and
transmission pioneers such
as ZF, skilled personnel
and comprehensive testing
facilities are essential
to product development
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technicians work to verify the NVH level perceived by
passengers and to define critical ranges of speed and
torque, using microphones and accelerometers on the
transmission and an acoustic head in the cabin,” Mussa
explains. “We compare the driver’s subjective evaluation
with objective data recorded and analyzed using specific
order analysis software.”
Graziano’s virtual validation department has all the
required tools for noise optimization of cylindrical gears,
bevel set gears and other transmission components.
“Comparative virtual analysis can be carried out to find the
best solutions in terms of macro- and micro-geometry,” says
Mussa. “Usually, modal analysis for the virtual simulation
of natural modes, and the frequency of vibration of the
transmission body, is done to avoid structural resonance
at low frequency.”
Such challenges mean that NVH specialists are going to
need every one of the tools at their disposal – virtual and
physical – to keep the transmissions of the future free from
whines and rattles. “The technical challenges associated
with delivering excellent transmission and driveline NVH
performance in a new product continue to increase,” states
Ricardo’s Gregory. “Gear whine risk is becoming more
noticeable because of increasingly quiet vehicles with low
levels of masking noise, for example in EVs. New vehicle
noise sensitivity is also increasing due to light-weighting
strategies aimed at achieving fuel economy and emissions
targets. Gear rattle risk is also becoming greater because of
the trend toward downsized and down-speed engines with
reduced cylinder count, leading to decreased frequency and
increased amplitude of torsional vibration.”

Staying number one means understanding your needs and constantly improving.
There are a lot of new and exciting things happening with our ATF Additive Range.
Contact your local Afton Chemical representative,
or email automaticallyfirst@aftonchemical.com to find out more.

www.aftonchemical.com
© 2014. Afton Chemical Corporation is a wholly owned subsidiary
of NewMarket Corporation (NYSE:NEU) www.aftonchemical.com

Licensees Include:

NuVinci continuously variable planetary (CVP)
technology enables superior fuel efficiency
and performance.
®

A NuVinci® CVP is the solution to the quest for better fuel ecomony. Its
simplicity, control, and stability deliver both performance and efficiency
to any mechanical drive system, including primary drive transmissions and
accessory variable drives. Make the move from Gears into Spheres™, and
see your product applications gain a significant market advantage.

www.Fallbrooktech.com/TTI

+1 512 519-0322

© 2014 Fallbrook Technologies Inc. NuVinci and its respective logo and elements are registered trademarks of Fallbrook Technologies Inc. All other logos and trademarks are the property of their respective owners. All rights reserved.

W!
E
N

bFlow O:
Electric Transmission Oil Pumps
3 Start/Stop & Mild Hybrid
3 Hybrid & Advanced Functions
3 Coasting

New flexible pump
solutions platform ...

COOLANT

bFlow C:
Electric Auxiliary Water Pumps

oIl
oIl

3 Turbocharger Cooling
3 EGR Cooling
3 EV Car Thermal Management
www.buehlermotor.com

3 North America

3 Europe

Mr. David Grifﬁth
Key Account Manager Automotive
David.Grifﬁth@buehlermotor.com
+1 919 380 3334

Mr. Herwig Moser
Director Powertrain Solutions
Herwig.Moser@buehlermotor.de
+49 911 4504 1199

PRODUCTS & SERVICES

Hybrid transmission

A prototype transmission, suitable for use in a variety of hybrid applications, reduces
the number of system components, and can increase both functionality and efficiency
Hybrid technology is evolving
rapidly. The combination of
an internal combustion engine and
an electric motor helps to reduce
fuel consumption by up to 30%,
particularly at low speeds, and
significantly reduces emissions.
Up until now, the transmission in
a hybrid has been considered just
as an element within the existing
powertrain, but Oerlikon Graziano,
part of Oerlikon Drive Systems
Segment, has unveiled its first
transmission optimized specifically
for hybrid vehicles – the OGeco.
The basic architecture of OGeco
is a 6-speed, two-shaft automated
manual transmission (AMT),
coupled to an electric motor through
a 2-speed epicyclic geartrain and
connected to the combustion
engine through a conventional
clutch. This arrangement integrates
the electric motor much more
closely with the main transmission
unit, thus reducing the number
of transmission components and
significantly boosting functionality
and efficiency.

Full hybrid functionality
The two-shaft layout provides
good installation flexibility –
supporting different potential hybrid
arrangements – while connecting
the e-machine through a 2-speed
epicyclic gearset enables more
effective torque infill during hard
acceleration or at higher road
speeds than could be achieved
through a single speed. In this way,
the traditional weakness of an AMT
– torque interruption during shift
events – is readily overcome.
The system is configured to
permit a number of alternative
power modes by allowing
the traction motor to drive
independently of, or in conjunction
with, the engine. The epicyclic
assembly combines their outputs

The OGeco concept has been
designed to provide torque
infill from an electric motor
during gear changes

to enable the electric motor to
contribute additional torque for
acceleration or smoothing out
gearshifts, or to operate in fully
electric mode with the engine cut.
In low-speed driving conditions,
such as city traffic, the power
produced by the electric motor
can be directly transmitted to the
wheels while the internal combustion
engine idles. At higher speeds, the
electric motor teams up with the
engine, supplementing the torque
available. The engine can also backdrive the electric motor to charge
the battery pack, and the motor
can be used to start the vehicle.
The electric motor provides a
power output of 120kW (30s peak
rating) and a torque of 200Nm with
a maximum speed of 14,000rpm,
and is water-cooled for effective
thermal management. In order to
improve the package and optimize
the total weight of the system,
the motor is integrated into the
transmission casing. Because the

motor is coupled through a 2-speed
drive, it is able to provide greater
performance in an all-electric drive
mode during critical maneuvers,
such as an uphill launch.
In combination with a differential
and final drive assembly, OGeco
provides a complete transaxle
compatible with either front-,
mid- or rear-engine vehicles. The
concept is modular in construction
and can be sized for different
applications with the electric motor
mounted in a variety of positions.
Initially developed and optimized
for high-performance hybrid sports
cars, the technology can also be
used in lower performance vehicles
with hybrid drives and is suitable
for both front-wheel-drive and
rear-wheel-drive applications.

AMT over DCT
Current thinking in some circles
favors the dual-clutch transmission
(DCT) as the optimum solution for
smooth gear shifting combined

with good efficiency, promising
the refinement of an automatic
transmission with the fuel
economy and driver involvement of
a manual. But as car manufacturers
embrace hybrid technology in
the search for low emissions with
high performance, a lighter, more
cost-effective and package-friendly
solution, based on AMT technology,
has become feasible.
The presence of a powerful
traction motor within the powertrain
of a hybrid vehicle provides the
opportunity to overcome the usual
disadvantage of an AMT, namely
the interruption of driving torque
during ratio changes. The OGeco
transmission makes use of this
feature to provide the seamless shift
characteristics of a DCT combined
with the superior efficiency of
an AMT. Like-for-like simulations
supported by vehicle test results
have shown a fuel economy
advantage of 5-8% over a wet
clutch DCT, due to the lower internal

Transmission Technology International // September 2014 // 47

PRODUCTS & SERVICES

losses and the elimination of any
hydraulic cooling requirements.
The packaging benefits of
OGeco over a DCT arrangement
were demonstrated recently when
a high-performance sportscar
was converted to hybrid drive
and the entire hybrid transmission
was accommodated within the
package envelope taken by the
original 7-speed DCT. Because of
the high level of system integration
achieved, the total assembly,
including the electric motor
and clutch, is 35kg lighter than a
comparable hybrid DCT, equivalent
to a 20% weight saving.
The weight, cost and package
advantages offered by OGeco help
to offset the increases in all these
parameters that are inevitable
when a conventional powertrain
is hybridized.

Torque infill
During a power-on upshift, the
output torque to the wheels is
managed from the steady state
value in the current gear, to a new,
slightly lower, steady state in the
next gear. At the start of the shift
event, torque from the electric
motor is introduced to offset the
drop in torque from the engine.
By the time the engine torque has
dropped to zero, the main drive
clutch is fully disengaged and the
shift takes place while the motor
provides the driving torque to
the wheels. As engine torque is
reintroduced, the motor torque
drops back to zero.
In low- to medium-performance
driving, where comfort and shift
refinement are of most importance,

The OGeco transmission
system implemented in a
hybrid vehicle application

the level of torque infill available
from the motor is sufficient to
mimic the behavior of a DCT,
with no interruption in acceleration
perceptible to the vehicle
occupants. At higher levels of
acceleration, where sporting drivers
are looking for minimum shift times,
the level of torque infill available is
still sufficient to reduce the shift
shock and helps to make ultra-fast
shifts acceptable.
The new transmission uses an
actuation system to integrate each
shift valve into its corresponding
shift rod, eliminating the cross-gate
movement of a conventional ‘H’
gate. As a result, the system can
begin to move the rod for the next
gear while still withdrawing the
previous one, meaning the shift
can be accomplished faster.

The 2-speed motor connection used in the OGeco prototype transmission system
allows for enhanced torque infill to be realized at the extremes of load and speed
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The hydraulic module that
operates the transmission consists
of a power pack with controllers
for hydraulic line pressure, clutch
and electronic limited slip diff
(eLSD), where fitted. Built up from
proprietary parts, the design priority
for the entire hydraulic system was
the optimization of shift time.
The control system for OGeco,
including software, was developed
by UK company Vocis, controlled
by Oerlikon Graziano, using
its in-house rapid prototyping
controller, the TMS-20, with
modules for individual functions
based on its Siena software. The
hybrid control functions and electric
motor torque arbitration for the
demonstrator vehicle are handled
in the transmission controller. For
production, it is expected that the
hybrid control be integrated in the
engine controller or be the function
of a supervisory controller, while
electric motor torque arbitration
could be integrated into the inverter
control module.
Simultaneous engineering of
the mechanical architecture and
the software enabled the team
to take maximum advantage
of the inherent dynamic behavior
of the system. Control systems
are often designed after the
gearbox hardware is frozen, and
must operate within the constraints
of an existing mechanical layout.

After modeling component
elasticity and inertias, the system
responses were simulated and
optimum strategies for shift
execution identified, eliminating
much of the compromise inherent
in this area.
High-performance hybrid
vehicles are particularly challenging
applications, as they must provide
refinement during regular use,
such as urban commuting, without
compromising driver enjoyment
under more extreme conditions,
such as enthusiastic driving. The
OGeco solution, by using the ISR
system for gearchange actuation,
means the driver can access
trackday levels of excitement,
while providing smooth shifting at
low to medium acceleration rates.
The OGeco transmission
is currently in the prototype
demonstration phase, and
the first demonstrator vehicle is
being tested by several European
manufacturers. Customer feedback
has been positive with comments,
such as: “The level of driving
comfort in auto mode is just as high
as that of a DCT”; and “Impressed
with the usability and convenience
for round-town driving”.
FREE READER INQUIRY SERVICE
To learn more about Oerlikon Graziano,
visit: www.ukipme.com/info/tr
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Precision gear geometry
Twist Control Grinding technology enables automotive engineers to combine highperformance generating grinding with total control over process-related flank twist

Tip of tooth

Root of tooth

Top
Contact
path

Width of gear (Lead)

Demands on gears have
always included the reliable
transmission of high torque and
power density, low weight and
minimal noise emissions. In recent
years, greater efficiency, lower fuel
consumption and CO2 output have
been added to the growing list of
demands. For example, research
has shown that a reduction in
fuel costs via improved gearbox
design costs only half as much
as similar economies realized
by improvements to the internal
combustion engine. Twist Control
Grinding (TCG) gives gear design
engineers a high degree of freedom
to design gear flank geometries
to match the demands made on
automotive gears. Conversely,
using TCG, gear manufacturers
can rapidly translate design features
to economical manufacture of the
required parts in their factories.
These demanding characteristics
can be addressed by optimizing
the fundamental design of the
tooth geometry. This, in turn,
must encompass the right tooth
modifications and, subsequently, an
improved manufacturing accuracy
to achieve the desired tooth
geometry. In the past, the process
costs grew in direct relationship
to the increased precision and
geometrical complexity of the tooth.
Today, Reishauer gear grinding
delivers the required precision at
low production costs, and with
outstanding process reliability.
The so-called flank twist occurs
as a matter of course when
machining lead-modified helical
gears. In general, the change in the
profile angle, which occurs between
the upper and lower transverse
section of the gear (see Figure 1) is
so minimal that the gear teeth can
be produced within the specified
tolerances in spite of flank twist.

Transverse
section

Profile
As Figure 1 illustrates, when
grinding helical gears, the contact
path between the grinding worm
and the part’s tooth flank does not
run on the transverse section of
the part. When grinding the flank,
the tip and root of a tooth flank’s
transverse section are not machined
simultaneously. Modifications in
lead direction, such as crowning
or end relief, are generally created
by changing the center distance
between the grinding worm and
the workpiece axes during the
machining process. The tooth root
and tip of a transverse section
are machined at different part
revolutions and contact paths.
Therefore, between the grinding
of the root and grinding of the tip,
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Figure 1: When grinding
helical gears, the contact
path does not run on the
transverse section of the part

Bottom

several revolutions have occurred.
This means that, in the meantime,
the center axis distance has
changed. Consequently, during one
grinding stroke, while symmetrical
crowning or end relief has been
generated, the direction of center
axis distance changes is reversed.
The result is a protrusion of the
tip on one side, and of the root
on the opposite side, creating the
described flank twist effect.

Modifying flank twist
Reishauer developed TCG to
control process-related flank twist
for generating grinding. The TCG
method can either completely
eliminate flank twist or, more
importantly, generate a specifically

defined target twist. This method
selectively varies the normal base
pitch pe of the grinding worm across
its width. Because profile-related
twist entails a change in the profile
angle deviation of the part from
minus to plus, or vice versa over
the tooth width, a modification
of the base pitch can serve to
compensate any resulting twist, or
even serve to create a deliberately
produced target twist. This is made
possible by changing the module or
the pressure angle across the width
of the grinding worm (Figure 2).
Furthermore, both variables can be
altered simultaneously. Incidentally,
the modification of the profile angle
entails qualitative advantages in
comparison with modifications of
the base pitch.
This method only works if
the upper side of the part is
machined with a different area of
the grinding worm from the lower
side. Accordingly, it is mandatory
to continually match the moving
contact point position across
the gear width to its relevant
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Figure 3: TCG involves the application
of motion in the Y direction during the
vertical axial feed in the Z direction

defined radii dresses the profile of
the grinding worm by using the
machine axes on a line-by-line
basis. As there is only a point
contact between the grinding worm
and dressing tool, the dressing
times required for line profiling are
relatively high. Nonetheless, the
subsequent grinding time is not
influenced by this dressing method
and stays within the high standards
of continuous generation grinding.
However, the machine kinematics
can be used to implement any type
of profile modification and topology
without the need to purchase
special dressing tools.
For profile dressing, a double
taper diamond disc is used.
Generating a defined tooth twist
requires part-specific dressing tools,
which, at any one time, dress only

Figure 2: TCG involves altering the
module or the pressure angle across
the width of the grinding worm

predetermined location point on
the grinding worm, which has
been specifically dressed in line
with this criterion. This condition
is met by Reishauer gear grinding,
as during the vertical axial feed in
the Z direction (Figure 3), a lateral,
so-called shift feed motion in the Y
direction relative to the part axis is
also applied.
In contrast to conventional shift
grinding, with TCG technology
every Z position of the grinding
worm is assigned its own unique Y
position. By precisely assigning a
certain Y position over the width of
the grinding worm to a defined Z
position over the width of the tooth,
the three-dimensionally modified
grinding worm flank geometry can
be transferred to the gear part
flank. In this way, the TCG grinding
method permits not only the
generation of a defined target tooth
twist, but also allows almost any

type of significant design
modification to be generated. In
practice, this process, known as
topological generating grinding, is
of interest where modifications
need to be defined not by the
transverse section but on the
functionally relevant level of
engagement with the mating gear.
As the Reishauer grinding method
uses dressable grinding worms, it is
possible to adapt the geometry of
the grinding worm to allow the
optimum shift feed for each case.
However, alongside the targeted
gear flank geometry, the chosen
shift feed also determines the
grinding worm geometry and,
consequently, the geometry of the
dressing tool.
Flexible line dressing (Figure 4,
top half) and profile dressing (Figure
4, bottom half) are both suitable
dressing methods. For line dressing,
a diamond dressing tool with

Figure 4: Flexible line dressing (top)
and profile dressing (bottom) are
both suitable for use in TCG
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Figure 5 (left): Three examples of different twist configurations, ground into
the same type of gear using Reishauer high-volume production methods
Figure 6 (above): TCG has been integrated into continuous grinding machines

with one single flank due to the
different geometries used for the
right- and left-hand flanks of the
grinding worm. In contrast to line
profiling, profile dressing involves a
linear contact between the grinding
worm and the dressing tool,
resulting in far shorter dressing
times than line profiling. Using the
same dressing tool, the Reishauer
TCG process also allows separate
profile crowning and flank twist
corrections on each individual flank.

To generate varying pressure
angles on the grinding worm,
the tool is swiveled during the
dressing process.

TCG in high-volume production
Using Reishauer machines,
high-volume production of
twist-free gears or gears with a
defined twist is now standard
production practice at several
automotive gearbox manufacturers.
Figure 5 shows three examples of
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different twist configurations, each
of which was ground into one and
the same type of gear. The top
view shows process-related flank
twist, without compensation. The
change in the profile angle
deviation fHα from top to bottom,
for example on the left-hand flank,
is clearly evident. The middle view
shows the same gear but with
compensated flank twist. All three
transverse sections show the
required profile angle. The bottom
view shows a deliberately
generated twist in which the profile
angle deviation on the left-hand
flank varies from bottom to top, in
contrast to the top view.
Consequently, it is possible to set
practically any optional values for
tooth twist, whereby the values for
left- and right-hand flanks can be
set independently of each other.
Target values can be entered
separately using the Reishauer User
Interface for both flanks on several
transverse sections of the part.

By using TCG, users benefit from
the advantages of the Reishauer
generating grinding process with
dressable grinding worms: high
quality, productivity, process
reliability and minimal processing
costs, all without the drawback of
unwanted process-related flank
twist. Twist can be flexibly set, in
particular during the development
phase, and without any need for
purchasing new dressing tools. This
means that the procurement of any
dressing tools required for
high-volume production can wait
until after successful testing of
gears on a test rig. This technology
is fully integrated in the latest
generation of Reishauer continuous
generating grinding machines, and
has now successfully proved itself in
industrial practice (Figure 6).
FREE READER INQUIRY SERVICE
To learn more about Reishauer, visit:
www.ukipme.com/info/tr
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The growth of CVT
Continuously variable transmissions continue to rapidly increase in popularity,
offering smooth performance, increased fuel efficiency and reduced emissions
Over the past decade, fuel
efficiency and CO2 reduction
have played an important role in
the automotive industry. Car
manufacturers have expended
enormous efforts in the
development of fuel-efficient cars.
New technologies, such as stop/
start, have been successfully
introduced, and transmission
technology has also made a large
contribution to CO2 reduction. The
conventional stepped automatic
transmission and today’s dualclutch gearboxes have better
fuel economy than vehicles with
manual transmissions.
As a result, automatic
transmissions are becoming
increasingly popular. In 2015,
46% of all cars worldwide will have
automatic transmissions, and in
2020 this figure will rise to 52%.
Stepped automatic transmissions
with 8 to 10 gears have already
gained a large market share. But
continuously variable transmissions
(CVTs) are also doing booming
business. Ten years ago, CVT
was installed in only a few car
models, but today the technology
is available in over 300 production
models. As a result, approximately
one in five cars with an
automatic transmission
has a CVT. By 2020, it
will be one in four.

There are many reasons for this
success, including smooth and
dynamic acceleration, reduced
fuel consumption and a compact
design. The system especially
comes into its own in urban
stop-and-go traffic, when it can
reduce fuel consumption by as
much as 7%, as the engine is kept
at its most efficient operating point.
“Car manufacturers and drivers
have become convinced of the
many advantages of CVTs. In the
bestselling vehicles list of 2013 in
the USA, four out of the five top
ranking cars were equipped with a
CVT system,” says Arno Vijverberg,
vice president of engineering at
Bosch Transmission Technology.
“It seems that we have passed
a turning point. Less than 10 years
ago, the global annual production
of CVT systems amounted to three
million units. Production for this year
is estimated at 10.4 million units and
will rise to 14 million units by 2017.”

Worldwide success
There have been selected examples
of CVT use in mass-produced
vehicles in the last few decades,
but it was not until 2003, when
Japanese car maker Nissan
launched its Murano crossover,
that CVT became more popular.
“It is no surprise that the success
of the CVT started in the Japanese
market. Japanese car drivers
have always preferred automatic
transmissions. Furthermore, CVTs
are very compact, which keeps the
manufacturing costs low and also
means that the transmission fits
perfectly into small urban vehicles.
In the dense traffic of Japanese
cities, this is a real advantage,”
says Vijverberg.
As Japanese cars
became more
popular on

the North American market, so
did CVTs. China and the rest of
Asia is following, with only Europe
still lagging behind. “Contrary
to Asian and North American
drivers, Europeans prefer a more
sporty driving style with a manual
transmission. But this will change,”
explains Vijverberg. “With the
pressure on vehicle manufacturers
to reduce their fleet CO2 emissions
and with increasing appreciation
for advanced, modern CVTs from
European customers, we expect
more cars with CVT in the European
markets as well.”
A perfect CVT system is
the result of exact

Though they appear simplistic,
push belts contain hundreds of
specially punched steel elements
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Suitable for gasoline, diesel
and hybrid powertrains, the
CVT is increasing in popularity

calibration, faultless software
and perfect tuning. “With further
improvements to software and
tuning, there is no doubt that
these smartly tuned CVTs will be
appearing in more new models,
also in Europe,” Vijverberg adds.

Matching future powertrains
Worldwide, the percentage of
new vehicles with automatic
transmission is growing, and within
the automatic transmission market
there is also a shift in market share
between the various systems.
“Stepped transmissions with a
large number of gears will remain
popular,” says Vijverberg. “But
the share for CVT in the automatic
transmission market will rise from
20% today to 25% in 2020.”
This rise is because CVTs are
equally suitable for diesel, gasoline
and hybrid powertrains. While a
CVT saves fuel in classic internalcombustion engines, it can also
increase hybrid powertrains’ electric
range. This is because a CVT allows
the internal combustion engine
to run at a higher speed, close to
the optimum operating point. As a
result, part of the released energy
can be used for forward propulsion,
while the rest can be stored in the
rechargeable battery.
“This continuous energy
recuperation, together with the
downsizing of the engine, optimal
engine/motor recuperation at every
speed, reduced weight and low
noise are crucial elements in the
further success of the CVT. All these
factors will play a major role in the
acceptance and growth of the next
generation of electrified vehicles,”
Vijverberg says. “At the same time,
the CVT remains a good match for
conventional drivelines, such as
gasoline port fuel injection and
DI/TC. Car manufacturers will

continue to invest in fuel-efficient
and CO2-friendly systems for
conventional internal-combustion
systems. And the CVT has already
proved its worth.”

Push belt innovations
Bosch develops and also
manufactures the push belts
that are the central components
of CVTs. These belts make it
possible for the transmission to
drive engines with a torque range
between 60Nm and 450Nm and
an output of more than 300ps
(220kW). Driving comfort and fuel
economy have played a decisive
role in the success of CVTs.
The push belt looks quite simple
in production and layout, but it is a
unique, high-tech component. A
push belt comprises hundreds of
specially punched steel elements,
stacked together in a high-alloy
steel ring package. This makes the
belt very flexible, but at the same
time as rigid as solid steel.
Bosch commits a lot of
research to the development of
new high-quality materials, the
improvement of the manufacturing
process and noise reduction.
“The development of a push belt
is never finished,” says Vijverberg.
“We want to make it even more
efficient, stronger and quieter.”

In 2013, CVTs enjoyed 20% of the
worldwide market share of automatic
transmissions in passenger cars

Bosch therefore works closely
with universities and research
institutions worldwide.
“The limit to the growth potential
of CVT is not yet in sight. There
are still plenty of opportunities for
further perfection and development
of the push belt and all other
elements of the system. We have
come a long way and we have
a bright future in front of us,”
Vijverberg concludes.
FREE READER INQUIRY SERVICE
To learn more about Bosch
Transmission Technology, visit:
www.ukipme.com/info/tr
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Auxiliary oil pumps
Across a range of transmission applications, electric
auxiliary oil pumps maximize efficiency potential
Whether it’s stop/start
operation, coasting with the
combustion engine switched off,
or in the electrical phase of hybrid
driving, electric auxiliary oil pumps
ensure optimum lubrication and that
operating pressure is always safely
maintained in the transmission.
Efficient electric high-pressure
transmission oil pumps can also
provide a boost function, and thus
cope with performance peaks that
occur, for example, when towing a
trailer at crawl speed. This means it
is possible to make the mechanical
main pump much more streamlined
and improve efficiency even further
through this downsizing.
In addition, the level of efficiency
of the transmission can be
improved by reducing splashing
losses. Here, an additional lowpressure transmission oil pump is
used, which allows the gear wheel
sets to be lubricated specifically
and as required.
The concepts are as varied
as the possibilities offered by
the transmission designers. In
contrast to the electric auxiliary
water pumps, in which only the
mechanical and electric interfaces
generally have to be modified, there
are, as yet, no generally accepted
standards for auxiliary oil pumps.
There are too many differences
between the transmission concepts,
experiences and philosophies of

Electric auxiliary oil pumps can
improve transmission efficiency

the OEMs. The use of fuel-saving
technologies for new or upgraded
transmissions at international level
is also difficult to predict.
The Bühler Motor family of
auxiliary transmission oil pumps is
correspondingly wide ranging and
adaptable. The family builds on
three basic types, which cover the
various performance ranges.
The bFlow O 30 offers a
low-pressure solution in the power
range from 10 to 60W, and is
particularly suitable for ensuring
specific and demand-based
lubrication, such as supplying dry
sump lubrication.
With a power range of 80 to
150W, the bFlow O 100 is able to
provide a pressure of up to 15 bar
and covers stop/start functions and
mild hybrid requirements.
Finally, the bFlow O 300 is
available with a power range of 160
to 400W and provides a pressure of
up to 25 bar. It is, therefore, the first
choice for full hybrid use and can
easily fulfill further functions in
addition to this.
The bFlow O 100 and bFlow
O 300 can be used both outside
and inside the transmission. The
advantage of opting for external
situation is the relative ease of
integration in existing transmissions
so that further functions can be
added. Sealing against ambient
conditions such as spray water,
wave water or steam jet use and
creating a reliable divide between
the oil and the dry area must be
taken into consideration.
These points no longer need
to be considered with installation
inside the transmission. Here, oil
flows around all the parts. There
is therefore no need for a special
sealing concept for the pump and
the electrical motor, however care
must be taken to ensure that all
components are compatible with
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The bFlow O 100, O 30 and O 300 (from left) auxiliary transmission oil pumps

the transmission oil, including all
its additives.
Also, the question of control
arises for all pump types. Should
the transmission control unit take
over all functions? Does this require
position signals for commuting (Hall
sensors, for example)? Or should
the pump, as a powerpack and
with an integrated controller,
communicate information to the
vehicle via LIN or CANbus? Here,
too, there are various possibilities.
Should the pump receive
information from outside, such as
the current temperature, and then
adjust automatically? Or should it
follow the instructions of the
transmission control device?

Basically, therefore, the full
bandwidth is available, from a
simple on/off switch, to sensors for
simple functions such as defining
and monitoring a certain speed of
rotation, through to analysis of
ambient conditions with highly
dynamic control.
With its wide range of variants,
adaptability and scalability, the
bFlow O family of electric auxiliary
transmission oil pumps provides
outstanding solutions for all kinds
of conditions.
FREE READER INQUIRY SERVICE
To learn more about Bühler Motor,
visit: www.ukipme.com/info/tr
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Maximizing stop/start
A dry-running, permanently engaged starter system is easily installed into
a powertrain, and can improve the performance of stop/start applications
BorgWarner is developing
a dry-running system for
permanently engaged starter (PES)
systems to improve the behavior
and starting performance of an IC
engine with stop/start capability.
Featuring low requirements in terms
of installation space, the system can
be integrated into the powertrain.
In order to achieve a good
reduction in fuel consumption and
emissions, it is beneficial to shut off
the IC engine as often as possible.
Needless to say, stop/start systems
should not cause a loss of comfort,
and they should also be reliable.
Therefore future stop/start systems
must include the following criteria:
quick-start and change-of-mind
capability; repeatability of starting
behavior; tolerance of crankshaft
backlash at engine stop; reduction
of torsional vibrations during
cranking; improvement of NVH
behavior; and engine shutoff while
the vehicle is moving.
In a conventional stop/start
application with a pinion shift
starter and the starter ring gear
permanently fixed to the crankshaft,
the engine cannot be restarted
until the crankshaft has completely
stopped or is at least rotating
at very low speeds. As a
consequence, in a restart there
is a noticeable start delay. Other
enhanced stop/start technologies
need additional installation space
or show disadvantages with regard
to NVH behavior. In this respect,
starter generator systems provide
the best performance in terms of
overall NVH and response time, but
they require an additional pinion
starter for cold starts.
The dry-running PES system
matches the performance of
belt-driven systems but has the
simplicity of a pinion starter and is
suitable for the integration into any
type of powertrain. Knowing the

load spectrum allows the system to
be designed as a ruggedized unit.
This takes into account torque levels
as well as the number of load
changes occurring under different
operating conditions, such as key
start, warm start and change of mind.

Design features
The dry running PES system is
located in the dry environment
between the IC engine and the
transmission, placing high demands

BorgWarner’s new dry running
PES system allows for an excellent
stop/start system behavior
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on the system in terms of resistance
to corrosion and contamination. It
can be integrated into a flexplate
or flywheel depending on the
powertrain, and has interfaces to
the crankshaft, the crankcase and
the starting device.
At the center of the system is a
one-way roller clutch between ring
gear and crankshaft. The starter
ring gear is fully mounted to the
crankcase. The torque introduced
into the starter ring gear is then

transferred via the inner race of
the roller one-way clutch to the
outer race, which is integrated
into the flexplate, and finally
to the crankshaft. Once the
engine speed exceeds that
of the starter ring gear,
the one-way clutch takes
over and the starter
motor can be shut off.
At a certain crankshaft
speed below engine
idle speed, the rollers
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BorgWarner’s advanced dry running
PES system has been specifically
designed so that it can be easily
integrated into the powertrain

possibilities for improving the overall
NVH behavior of the ring gear
and pinion meshing as well as the
durability of the gearset in order to
sustain an increased number of
starts and stops.

Extensive testing

completely lift off the inner race
due to centrifugal forces. The roller
one-way clutch compensates for
axial and radial movements of the
crankshaft and flexplate as well as
concentricity tolerances and axial
run-out of the crankshaft flange.
As the starter pinion of a PES
system is permanently in tooth
contact with the starter ring gear,
the tooth geometry of starter pinion
and ring gear can be optimized with

regard to NVH behavior and
durability. The contact ratio of
the gearing can be increased
considerably and backlash can
be reduced. In addition, there is
no additional wear due to axial
movement of an engaging pinion.
Using helical gears further
enhances NVH behavior.
A stop/start system with a
permanently engaged pinion
therefore offers many technical

Extensive vehicle testing
has been successfully
performed on powertrains
with both manual and
automatic transmissions.
To accelerate the engine
from a standstill, the
starter motor has to
overcome a breakaway
torque followed by
a virtually constant
mean torque. Due to the
torsional fluctuation of the
engine during cranking, there are
further torque peaks once the
one-way clutch re-engages. With
the required number of starts and
stops, or with a load spectrum,
this indicates the number of load
changes the one-way clutch must
be designed to withstand.
This critical change-of-mind
capability is another advantage of
the dry PES system. While the
engine is coming to a standstill after
being switched off, the starter
motor can be driven to assist
the restarting of the engine. The
one-way clutch engages when
crankshaft and ring gear are both
moving at the same rate and
transfers the torque from the starter
motor to the crankshaft so that the
engine can be started again with
fuel injection. This arrangement
greatly improves response time and
the repeatability of restart.
The tests provided the maximum
torque and the equivalent torque of
an application and the durability of
the PES system in terms of Hertzian
stress and wear. Depending on
the application and the load profile

that’s specified, the main system
components should be adequately
dimensioned and a suitable choice
of base materials, heat treatments
and surface coatings should be
made. The roller and spring system
is designed to completely
disengage at idle speed due to
centrifugal forces, and there is no
contact between the components
rotating at engine speed and the
stationary components of the PES
system. For this reason, the PES
shows no power dissipation
whatsoever in normal operation of
an IC engine. Furthermore, there
is an extremely low drag torque
below the disengagement speed.
During starting and stopping of the
engine, the rollers rotating with the
outer race have temporary contact
with the inner race. The resulting
wear is extremely low.
BorgWarner’s dry-running PES
technology allows for excellent
stop/start system behavior. Bench
tests and tests in real vehicles
showed advantages such as
response, repeatability, NVH,
robustness and the absence of
drag losses. In combination with a
matching engine application, the
dry PES system opens up great
potential for future technologies
in automotive powertrains with
IC engines. It enables advanced
sailing and coasting with early
engine shut-off, even to the extent
of enabling an idling-free vehicle,
and is able to handle a large
number of engine stop/start cycles,
especially in hybrid applications in
an effort to support further fuel
savings, emissions reduction and
to increase driving comfort.
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ATF enabling efficiency
The right choice of transmission fluid can be a highly cost-effective
way for engineers to reduce emissions – and avoid hefty legislative fines
How much time, effort
and money will it cost an
automotive company to cut that
next gram of CO2/km from its
transmission? Despite differing
reports in the industry, it could
be much less than most industry
observes might expect, especially
as the integration of a considered
lubricant choice is a highly costeffective way to achieve major
emissions reductions. Against
this backdrop of OEM fines, the
potential value of such reductions
is enormous.
On a global scale, legislation to
promote efficiency and reduce
emissions is creating the threat
of heavy fines for automotive
manufacturers. In Europe, fines of
US$129 (€95m) per vehicle will be
applied for every gram of CO2 over
a prescribed limit. As car makers
continue to respond, efficiency
gains are becoming increasingly
costly, both to develop and to
provide to the consumer.
Among the most cost-effective
options for transmission engineers
is the development of advanced

Charting the number of vehicles sold in the EU against emission reduction targets
and the associated costs for not meeting upcoming legislative requirements
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transmission lubricants. Estimates
from the USA’s National Highway
Traffic Safety Administration
(NHTSA) suggest that improved
lubricants can be more than eight
times more cost-effective at
enhancing efficiency than increasing
the number of gear ratios.
Several major global OEMs have
seen great success from this route.
One notable example is Daimler,
which achieved 1.5% greater fuel
efficiency through the automatic
transmission fluid (ATF) used in its
7G-Tronic Plus. For Mercedes-Benz
drivers, this translates to 10 million
liters of fuel and 27 million kilograms
of CO2 per year.
However, others are yet to reap
the potential. “OEMs have adopted
fuel-saving transmission lubricants
to differing degrees,” comments
Adam Banks, marketing manager

at Afton Chemical, a leading global
provider of transmission lubricant
additives. “Large fuel economy
savings are still available to many
manufacturers, even those who
have improved their fluid previously
but might not be using the latest
technology.”
The main immediate improvement
from lubricants to be had is a
reduction in viscosity. A reduction in
lubricant viscosity can often provide
an immediate improvement. For
example, increased torque transfer
can permit transmission downsizing,
or reductions in the size of friction
elements and gears.
Taking advantage of these further
possibilities provided by the lubricant
requires careful consideration early
in the development of a transmission.
Strong partnerships between OEM,
lubricant supplier and additive
supplier at an early stage of
development can allow new
transmission architectures and
fundamental designs to be exploited.
“The greatest benefits can be
achieved when the lubricant is
considered at an early stage in the
development and integrated as a
critical part of the design,” adds
Banks. “However, even for current
transmissions in production,
alternative lubricants have the
potential to achieve CO2 savings
without compromising performance.”
In the real-world, this means a
saving of 1g of CO2/km is readily
achievable through careful choice
and integration of lubricant
technology. For a medium-sized
OEM making a million vehicles per
year and exceeding the EU limits, 1g
could mean a reduction in EU fines
of US$129m (€95m) per year.
FREE READER INQUIRY SERVICE
To learn more about Afton Chemical,
visit: www.ukipme.com/info/tr
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Front-loading development
Increased focus on the early stages of development can enable rapid advancement
during the design process of a transmission, resulting in both time and cost savings

Figure 2: Component duty
cycle and load definition

A traditional development
process is characterized
by separate phases requiring
different levels of effort, including
preproduction development,
production development and
production validation. Due to the
high effort required during the latter
stages, product maturity reaches a
proper level only at a very late stage
of the development process.
To counteract this, AVL proposes
its front-loading process for
‘first-time capable’ development,
as detailed in Figure 1. This process
increases the effort during virtual
powertrain development, in order
to produce a proper generation-one
transmission very early. As a result,
a very high level of product maturity
is reached early, resulting in a great
saving of effort and cost in the later
development phases. This virtual

Figure 1: A depiction of the AVL design
process, showcasing the advantages
of front-loading development

front-loading relies on a
comprehensive design verification
and validation plan.
At AVL the transmission
development starts with the
system and powertrain. First,
the powertrain requirements
are considered. The next step
is system evaluation with regard
to the transmission. Within the
product development process,
several quality milestones need to
be achieved. The virtual phases
and the front-loading approach
are used to achieve a virtual design
release. The component duty
cycles are derived from the AVL
Cruise vehicle simulations. This
allows optimized transmission

dimensioning for a specific engine
and vehicle configuration, or for an
engine family used in several
vehicles. Figure 2 provides an
overview of the process. The
subsystems specifications, such
as bearing and gear dimensioning
as well as transmission housing
optimization that’s based on duty
cycles, are industry standard.
With the AVL Excite Power
Unit driveline module, the
transmission’s NVH behavior is
investigated in terms of rattle and
whine. Central to the excitation
prediction and the structural
response of the power unit, is the
well-known method of multibody
dynamics with condensed
(reduced) structural matrices
based on flexible finite element
models. With this method,
excitations and structural response
of the transmission are simulated.
This can be done for the complete
powertrain (including the engine) or
for the transmission alone with test
bed excitations. AVL has a large
amount of typical engine excitation
data with different cylinder
Figure 3: The parameter investigation
(stiffness) in terms of rattle behavior

numbers to simulate excitation
on the test bed.
Nevertheless, the complete
system (engine, single-mass/
dual-mass flywheel transmission
and, in the case of hybridization, the
e-motor) must be optimized. With
the simulation based on a test bed
configuration, transmission NVH
behavior can be evaluated using
reasonable excitations.
Figure 3 shows an example of
the parameter investigation and
evaluation in terms of rattle. For
example, the effect of modifying
stiffness, backlash and bearing
clearance are investigated and
evaluated in terms of rattle.
Additionally the surface velocities
are investigated and consequently
design modifications for areas with
high surface velocity are made.
As a result, AVL is following the
front-loading process to
substantially reduce development
time and cost, while improving the
quality of the design – achieving a
‘first-time capable’ design stage for
its global customers.
FREE READER INQUIRY SERVICE
To learn more about AVL, visit:
www.ukipme.com/info/tr
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Heat treating powder
metal advances
Case hardening – and other heat treatments – of powder metal gears
requires specialist engineering expertise in order to produce the best results
Case hardening and other
types of heat treatment – such
as gas nitriding, nitrocarburizing,
plasma nitriding and other
derivatives involving elevated
temperatures and the diffusion of
carbon and/or nitrogen into the steel
– require special attention when
working with powder metal (PM)
gears. In this respect, it is important
to consider a number of factors
when facing case carburization in
PM, particularly for gears, but also
when dealing with cam lobes and
other engine components.
Case carburization can be
performed in a gas atmosphere,
with quenching and tempering in oil.
Otherwise it can be done under low
pressure with quenching in an inert
gas. A mixture of these processes
may also be used. The point is that
they all work well with PM, though
the process settings have to be
adjusted to give the best results.
Steels have different phase
diagrams depending on their
alloy content. In order to avoid
undesirable microstructures after
case hardening, the phase diagram

of the specific steel alloy needs to
be considered. The phase diagram
shows (among other things) which
temperature, relative to the
percentage of carbon by mass,
should be applied to get the best
heat treatment result.
The PM alloy Astaloy 85 Mo is
used as an example in Figure 1.
To avoid carbides during case
hardening, the lowest temperature,
given at 0.8% carbon, should not be
less than 860°C. If higher carbon
content is desired, then the heat
treatment temperature also needs
be higher.
Due to the inherent porosity of
PM, the diffusion of carbon is much
faster than in wrought steel. Density
plays an important role in the choice
of case hardening time, as the
higher the density, the closer the
material’s CQT process time is to
solid steel due to slower diffusion
of carbon, and thus the overall
longer hardening time. So PM
requires very good process control,
experience and know-how in order
to achieve equivalent hardness and
residual stress levels to solid steel.

Figure 2: The hardness comparison of traditional CQT process module to 1.9mm
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Figure 1: Showcasing the phase diagram for Astaloy 85 Mo. Suitable carburizing
temperature varies with the carbon level as indicated by the green rings

Another point to consider, related
to these factors, is the process
steps before heat treatment. Have
the gears been hobbed from pucks
for prototype purposes, or are they
compacted? Also, have the gears
been surface densified? These
common process steps for making
PM gears will all need different
adjustments to the CQT process
in order to reach the very best
fatigue properties.
In this respect, porosity is a
blessing in disguise. With the right
expertise, it is possible to achieve a
very good hardness distribution in
root and flank, shorten the process

time considerably, and double the
output from the furnace (since
processing time may be cut in half),
thereby reducing investment costs.
Granted, this subject is complex,
but help is not far away. Höganäs
has provided PM gears for small
cars (such as the Smart ForTwo), big
cars (the Saab 9-5) and extreme
cars (PWRC rally vehicles) and is
happy to give advice on PM
materials, PM gears and how to
heat treat.
FREE READER INQUIRY SERVICE
To learn about Höganäs AB Sweden,
visit: www.ukipme.com/info/tr
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Reducing energy losses
Ultra-high performance thermoplastics are helping to improve the
coefficient of friction and reduce energy loss in powertrain applications

Thrust bearings and other
powertrain components are
increasingly being made of ultra-highperformance polymers, such as PAI
and PEEK, instead of metal for light
weight, design flexibility, improved
wear resistance and space savings

for their exceptional mechanical and
thermal properties, as well as their
proven ability to reduce weight,
lower stack-up and cut system
costs through parts consolidation.
Torlon polyamide-imide (PAI)
and KetaSpire polyetheretherketone
(PEEK), manufactured by Solvay
Specialty Polymers, have a proven
track record in replacing metal
in severe friction and wear
environments, including the
powertrain. PAI retains its high
strength and stiffness up to a
temperature of 275°C and provides
exceptional wear resistance,
broad chemical resistance and
dimensional stability. PEEK offers a
continuous-use temperature of up
to 240°C and best-in-class fatigue
resistance, along with excellent
chemical resistance and friction
and wear properties.
Seal rings made of PAI and
PEEK enable new transmission
designs because of their
outstanding friction and wear
performance at elevated pressures
and velocities. Thrust bearings
made of these materials are a
metal bearing replacement
option that directly
satisfies the design and
development challenges
of today’s eco-conscious
environment. These
challenges include
reduced design
space, lower noise,
improved wear
resistance and
thermal insulation.
The ability to
injection-mold complex
shapes eliminates costly
secondary operations such
as machining. Features, such as
axial locking, anti-rotation, and ID
or OD piloting, can be incorporated.
Thrust bearings molded from PAI or
PEEK offer a unique combination of
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Stribeck curve of Torlon PAI and KetaSpire PEEK

Courtesy of Allegheny Performance Plastics

Today’s powertrains are
designed for higher efficiency
and must comply with tougher
CAFE regulations and stricter
emissions standards.
This high level of performance is
achieved with new technology and
innovative design enhancements.
These new designs often
incorporate dynamic systems in
which components move under
variable loads and speeds. In order
to improve CAFE standards, it is
critical to focus on the energy that
is being lost in these dynamic
systems, such as energy loss
due to frictional forces.
In tribological terms, the
coefficient of friction (COF) is the
dimensionless ratio of the friction
force (F) between two bodies to the
normal force (N) pressing them
together (COF = F/N). Being able
to minimize and predict the COF
will enhance design flexibility.
Ultra-high-performance
thermoplastics can help reduce
energy loss by managing and
reducing the COF. They are known

Figure 1: A modified Stribeck curve for axial thrust bearings made from PAI and
PEEK. Used under the right conditions, these materials yield an extremely low COF

wear resistance and strength at
system operating temperatures
without the use of abrasive materials
that can wear softer surfaces, such
as unhardened steel or aluminum.
The Stribeck curve is commonly
used by tribologists to predict the
relationship between the COF and
the dimensionless number (ηN/P)
where η is the dynamic viscosity,
N is the speed (rpm) and P is the
pressure. Often, three regions of
the curve are predicted and
demonstrated. At low ηN/P, a
boundary layer lubrication is
predicted that leads to a high COF
(high energy loss). This regime is
similar to results under dry
conditions where high COF exists,
along with high temperatures
and high wear. At high ηN/P,
hydrodynamic lubrication is
predicted, which leads to very low
COF. The transition between the
two regimes is called the mixed film
lubrication region.
Figure 1 shows a modified
Stribeck curve for axial thrust
bearings made from PAI and PEEK.

The three regions for the Stribeck
curve are shown. As demonstrated,
using these materials under
appropriate conditions can yield an
extremely low COF, approaching
the COF of needle bearings.
Ultra-high performance polymers
are often preferred over standard
materials to support starved feed or
boundary layer conditions where
temperatures of the polymer/
counter surface interface can often
exceed 150°C.
Designing with plastics can pose
many challenges compared with
traditional metal alloys; however, the
numerous advantages they provide
make it worthwhile. More design
flexibility and injection moldability
help create a broad palette of
opportunities that can reduce cost,
enhance aesthetic appeal and
vastly improve performance.
FREE READER INQUIRY SERVICE
To learn more about
Solvay Specialty Polymers,
visit: www.ukipme.com/info/tr
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Drivetrain future
Through further engineering optimization, the IC engine along with advanced transmission
technology will continue to be the mainstay of mobility, as one tech demonstrator proves
The automotive industry is
experiencing rapid change,
and part of this evolution includes
new technology innovation and
development, as well as the
implementation of governmental
standards, stringent regulations
and widening consumer choice.
Making things more challenging
for engineers is the fact that today’s
technological innovations require
new thinking in terms of how to
measure, rate and achieve vehicle
energy efficiencies and emissions.
As such, future innovation of IC
engines will have a direct influence
in terms of how much fuel will be
saved over the next 20 years
and what quantities of emissions
output can be prevented over
the same time.
As a company, Schaeffler
believes that combustion engines
– both with and without the hybrid
option – will continue to constitute
the mainstay of mobility for many
years to come. Furthermore, for all
the major e-powertrain advances
that attract widespread publicity,
it is certain that the electric car
will not be able to completely
replace vehicles powered by
the IC combustion engine in
the near future.
As a renowned global supplier to
the automotive industry, Schaeffler
offers a wide range of key
technologies that can reduce a
vehicle’s fuel consumption and
emissions, as well as improve its
overall energy efficiency. Many of
these individual solutions and
subsystems only reach their full
potential when included as part of
a system, as shown in Schaeffler’s
latest technology demonstration
vehicle, the Efficient Future Mobility
North America. With this tech
demonstrator development, the
Tier 1 supplier has shown how
the optimization of the powertrain

The Efficient Future Mobility North America
demonstrator shows how certain selected
products can enable even one of the most popular
SUVs in the USA to fulfill CAFE requirements
for 2020 in a highly cost-effective way

based on the IC engine enables
one popular North American SUV
to achieve the values specified by
the CAFE standard for 2020.
For the Efficient Future Mobility
North America project, the experts
at Schaeffler’s three North American
R&D centers in Troy, Michigan; Fort
Mill, South Carolina; and Wooster,
Ohio, optimized the mid-size
SUV-based concept vehicle for
exemplary levels of efficiency by
carrying out holistic, detailed work
on the powertrain.
The technology platform of the
concept vehicle is based like-forlike on the current architecture that
underpins the mid-size SUV, which
features an automatic transmission
with a torque converter. The
concept vehicle employs
numerous Schaeffler systems,
such as a thermal management
module and an all-wheel drive
(AWD) disconnect clutch. The

thermal management module
enables the engine to reach its
operating temperature quickly,
as well as precisely controlling
the temperature balance. The
AWD disconnect clutch – which
decouples the unused drive axle
from the drivetrain depending on
the driving situation, contributes to
a fuel and emissions saving of up
to 6% on the highway and around
2% in city traffic. Other solutions
on the tech demonstrator include
Schaeffler’s innovation in engine
stop/start technology – the
permanently engaged starter
generator with a wrap-spring oneway clutch and a latching valve that
enables the vehicle to be driven
for longer periods with the engine
switched off and without the need
for energy-consuming pumps.
Other decisive contributions toward
the impressive overall results of the
concept were also made by the

detailed friction optimization work
carried out on the belt drive, the
valvetrain and the balancer shafts,
as well as the optimization of the
torque converter.
The use and optimization of a
comprehensive range of Schaeffler
technologies and subsystems,
as well as painstakingly detailed
engineering work, has resulted
in the vehicle’s fuel consumption
being reduced by 15%, which
means a corresponding decline in
CO2 emissions. These values were
initially simulated using Schaeffler
calculation programs and verified
by Schaeffler’s experts in North
America using extensive test cycles
that were then certified by an
independent testing institute.
FREE READER INQUIRY SERVICE
To learn more about Schaeffler, visit:
www.ukipme.com/info/tr
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Advanced actuators

High-performance, compact actuators offer transmission developers a
way to increase efficiency without compromising driveability and reliability
For many years, conventional
automatic and manual
transmissions have dominated
across all sectors of the automotive
market. But advancing customer
requirements, market demands and
competition have pushed
transmission developers to devise
better and more efficient solutions.
Challenging new efficiency
regulations and tight CO2 emissions
limits, which will drop to just 95g/km
in 2020, mean powertrain efficiency
research must be seriously
accelerated to develop new
solutions for compliance without
sacrificing performance, driveability
and dependability. Electric vehicles,
hybrids, plug-in-hybrids, DCTs,
CVTs and AMTs are among the
solutions reaching the market, each
with its own advantages and degree
of suitability. With regard to these
new solutions, two important trends
are definitively emerging, and
Sonceboz has embraced both:
electrification and position shifting.
Sonceboz identified these new
needs and challenges early on, and
transmission customers around the
world have likewise recognized the
Swiss supplier’s competence and
expertise. Working closely with
customers, Sonceboz has robustly

The rotor and stator used
in the Sonceboz 5600
series BLDC actuators

extended its product portfolio for
transmission applications. A wide
range of innovative solutions is
already in volume production, with
many more products in advanced
development phases.
For example, Sonceboz
developed the 5600 series BLDC
actuators (used by BMW in its

Sonceboz has used its engineering expertise to continually refine its product lines.
Shown here is the evolution of the company’s acclaimed 5600 series BLDC actuators
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Valvetronic technology) into a wide
product range with specific benefits
for transmission applications,
including high power density, low
mass, high dynamism and small
packaging. These direct-drive
actuators are ideal for applications
where power or torque has to be
shifted, or a position achieved
quickly and accurately for tasks
such as dual-clutch actuation,
gear shifting and drum positioning.
The Sonceboz direct-drive
technology also dependably
handles functions such as clutch
coasting and torque vectoring.
The space constraints around an
engine or gearbox continue to grow
ever tighter. In response to this
trend, Sonceboz’s newest
third-generation actuator has been
specifically optimized with
remarkably compact packaging.
As a result, this new design can be
easily integrated into virtually any
design, saving up to 40% in mass

compared with other solutions. In
an automated manual or dual-clutch
transmission, for example, the use
of five Sonceboz 5600 gen-3
actuators means a weight saving
of more than 1kg, which translates
directly to substantially reduced
CO2 emissions.
Sonceboz’s patented stator and
rotor design dependably renders
top-class torque density output,
along with great packaging flexibility
(flat design) and scalable
performance. The electrical and
mechanical interfaces of this
brushless drive can be adapted to
customer specifications for optimal
integration into any type of
application. For every mechatronic
drive need, there is an ideal
Sonceboz solution.
FREE READER INQUIRY SERVICE
To learn more about Sonceboz, visit:
www.ukipme.com/info/tr
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CVP transmission
The continuously variable planetary transmission addresses many of the
drawbacks that have led the automotive industry to lose faith in the CVT
Since 2004, Fallbrook
Technologies has been
developing the NuVinci continuously
variable planetary (CVP) – a
technology that offers not only the
advantages of traditional CVTs, but
also the benefits of time-proven
planetary gears, along with the ease
of manufacturing of a deep-groove
ball bearing.
The adaptability, scalability,
cost-effectiveness, stable control,
advantaged geometry and durability
make the CVP the superior
alternative to other CVTs, and
suitable for many products that
need to vary speed or torque.
The transmission’s configuration
improves torque density and
durability by sharing torque
between planetary elements. Tilting
the axes of the planets changes
their contact diameters and varies
the speed ratio. The NuVinci CVP
employs drive forces with simple
actuation to quickly and efficiently
control the angle of the planet axes.
At the core of the NuVinci CVP
technology are its traction rings,
planets, idler (or sun), carriers, and
cam elements that provide the
necessary torque-dependent
clamping force. It’s comparable in
function to a belt-drive system that
has parallel shafts and hydraulic
clamping and control, but that is a
much larger system that requires
greater package space.

The original NuVinci CVP was
launched in 2006, but refinements
over the next four years reduced its
size by 30%. “Since 2010, we’ve
delivered a more compact package,”
explains VP of product development
Jeremy Carter. “Everyone is trying
to develop the ability to transmit
more power and more torque. The
CVP goes beyond that.
“It can be used as a powersplitting or power-summing device
– for example, a core summing
component for a hybrid drivetrain
combining gas and electric power,
while varying the ratio and allowing
it to maximize performance of
what’s driving and being driven.
Its ability to power sum and its
numerous power path configurations
are unique, and suited to a broad
range of applications.”
The NuVinci CVP can also be
configured as an infinitely variable
transmission (IVT), having reverse
and powered zero capability without
the external gears or shafts of split
power systems.
Carter adds, “The automotive
transmission industry is moving to
7-, 8- and 9-speed, where it’s
normally necessary to add another
planetary element or clutch. Our
system can run multiple forward
speeds without any clutches – in
some applications we can achieve
forward and reverse without
clutching or requiring a torque

Due to its unique engineering design, the NuVinci CVP is able to shift very quickly

NuVinci CVP transmission technology enables high torque density,
versatility of use, flexible power configuration and a low production cost

convertor. This reduces the number
of components. It is the only
available system capable of IVT
functionality without splitting power.”
Furthermore, with all traction CVT
systems, there’s the need to clamp
the system to transmit power. “The
trick is to transmit power with
minimal clamping,” says Carter.
“The NuVinci CVP does that with a
simple clamping mechanism,
whereas competitive technologies
require high-pressure hydraulics.
Most belt-drive systems require
active hydraulics for clamping that
are inefficient and less responsive,
with pressures as high as 900psi.”
In order to rapidly advance the
technology, Fallbrook has
established a community of
industry-exclusive licenses – global
leaders in automotive transmissions
and drivetrain equipment who are
implementing the CVP according to
their specifications. In addition to the
agreements already in place,
licensing arrangements are available
in a wide range of applications, such
as AC compressors, superchargers,
water pumps, fan drives and more.
Improvements made by individual
licensees are pooled back into the
community and can be adopted by

the others. This effectively merges
resources, reducing development
time and required resources for
each licensee.
For example, according to public
statements from one licensee, its
work has led to “initial simulations
[showing] projected fuel savings of
up to 20% for a standard-sized
forklift truck operating in a typical
pick-and-place duty cycle.”
Successes like this benefit the
entire licensee community.
“Proliferating a new technology is
expensive and slow, so we have a
global community of engineers, all
dedicated to improving the core
technology,” Carter explains. “When
a licensee makes improvements, we
receive rights to use and proliferate
them to our other licensees. This
unique model dramatically shortens
each licensee’s time to market.”
Currently, Fallbrook has more
than 600 patents granted or on file
to protect its licensees’ investments
in the technology.
FREE READER INQUIRY SERVICE
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Rapid gear production
A modular approach to creating a platform of gear-production machines
dramatically reduces cycle times and ensures highly consistent part quality
Most drivers have already
become used to sixth
gear, and development of the
transmission continues apace. For
example, there are now vehicle
applications that use a 9-speed
transmission system for automatic
gearboxes. The reason for this
development is obvious: these
transmissions allow the car to be
driven optimally for more of the time,
which crucially means fuel savings
in the real-world. And these further
transmission developments go
hand-in-hand with continuing
pressure to optimize. This includes
high-volume gear production having
to become faster and cheaper.
How this can be achieved is
demonstrated by EMAG Group’s
VLC 200 H vertical hobbing
machine, which adds a new
dimension to productivity levels.

According to the German
Federal Statistical Office, German
organizations in the transmission
sector generated a combined
turnover in excess of US$22.9bn
last year, and this trend is expected
to continue with increased revenue
forecasted across the next five
years. The constantly increasing
production volume keeps the sector
firmly in the minds of production
planners, especially those in the
automotive industry, where there is
a need for faster, more efficient
production. At the same time, these
planners want guarantees that an
increasingly demanding component
quality is maintained. None of this is
surprising, considering transmission
technology accounts for a large
percentage of the R&D costs in the
global automotive industry, say
leading experts and consultants.

The VLC 100 D is an automated deburring machine that loads and unloads itself,
using the pick-up spindle. It is the ideal accompaniment to the VLC 200 H hobbing
machine and can be used for the deburring and chamfering of external gearings
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Creating a modular platform
The engineers at Koepfer, the
EMAG subsidiary headquartered
in Villingen-Schwenningen, are no
strangers to the demands of the
global transmissions sector. The
company has invested heavily in
developments in this industry for

decades. Koepfer is not just a
supplier of machines for high-quality
gear production, but is also a
competent partner for anything to
do with gears. And the latest result
of the company’s efforts represents
a veritable milestone, as it is a
product of close collaboration within

The new VLC 200 H has been specifically designed and developed for the
machining of gear-type components of maximal 200mm diameter and module 4

The high-tech machine is loaded and unloaded using the pick-up workspindle
arrangement. In the milling of gear-shaped pieces, the intelligent system is of major
benefit, especially when it comes to transmission production processes and levels
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the EMAG Group, with the VLC 200
H vertical hobber being the first
Koepfer machine that’s based on
EMAG’s new modular standards.
It is also the name of a standard
machine platform that represents a
new generation of machine tools for
use in a range of varying applications.
This new modular approach
offers a great advantage when it
comes to establishing a highly
efficient production system for the
transmission industry, as it enables
the individual processes used in
the soft machining of a gear – from
turning of the raw part to hobbing
and deburring – to be combined
without any great outlay for
automation. “The machines are
easy to interlink, as they are
perfectly coordinated and also
work at the same transfer height,”
explains Koepfer engineer Jörg
Lohmann.

Reducing cycle times
A closer look at the VLC 200 H
reveals technology that offers the
user great economic advantages,
even in its standalone version. The
machine features high-performance
drives that offer great main spindle
and hobbing speeds. Gears of
a maximum diameter of 200mm
and module 4 can be dry milled
at greatly shortened cycle times.
What’s more, removal of the hot
chips generated by the process is
not a problem on vertical machines,
where they fall unhindered into the
chip conveyor below.
The typical EMAG pick-up
design principle also provides for
short idle times. The main spindle
removes the raw part from the
conveyor belt, takes it to the
tailstock – where it is very firmly
supported during machining by
a tailstock flange – and removes
it from the machining area after

completion of the hobbing cycle.
This concept of an integrated
automation system, with its short
travels, not only makes for great
speed, but also guarantees a high
degree of machine availability.
Furthermore, the VLC 200 H
guarantees exceptional and
consistent component quality.
This is in part due to the vibrationresistant polymer concrete Mineralit
that is used for the machine base.
An optional measuring probe can
be integrated into the machining
area and used either for positioning
tasks or for the measuring of
finish-machined components.
“It even allows us to carry out
adjustments in machining process,”
states Lohmann. “In fact, the
whole machine provides
added value with
its production
process and
internal quality
control.”

System flexibility
When this automated highefficiency package is to be
integrated into a manufacturing
system, production planners have a
choice: they can opt for directional
component flow, recirculating
automation or the chaku chaku
principle. A processing concept,
meticulously planned by EMAG
experts, ensures the lowest cycle
times: after turning of the raw
parts (on a VL 2 from EMAG, for
example), the gear-cutting process
is carried out on the VLC 200 H,
with the final processing – deburring
and single-sided chamfering –
undertaken on the VLC 100 D.
All the machines involved are
designed and developed according
to the modular standard from
EMAG. The decisive advantage of
this arrangement is that the gearing

The VLC 200 H from EMAG and Koepfer is an advanced vertical pick-up hobbing
machine for transmission components with a maximum diameter of 200mm

is generated in a single cut and
followed only by chamfering,
whereas alternative production
solutions rely on a second cut
after chamfering. As a result, with
acclaimed modular EMAG solutions
and high-tech Koepfer technology,
the cycle times for the machining of
gears will drop dramatically.
“When it comes to optimizing a
large-volume gear production or
developing a new one, we offer a

highly efficient solution with
integrated automation that can be
configured a number of ways,”
adds Lohmann of the VLC 200 H’s
market opportunities. “It should
signal a very interesting approach
to every production planner.”
FREE READER INQUIRY SERVICE
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Efficient TCU development
Integrating two industry leading software development packages enables AT controller
developers to fully streamline their workflow when analyzing complex system behavior

Specialized CAE software
packages are widespread
throughout all aspects of the
automotive industry. The benefits
of engineering design and analysis
in a virtual environment in order
to realize advances in innovation
and efficiency while reducing
development time and associated
costs are well established.
Over a number of years, Smart
Manufacturing Technology (SMT)
has developed MASTA to be
a leading specialized software
program used daily by engineers in
automotive companies worldwide
for the further design and analysis
of transmissions and drivelines.
MASTA has a proven track record
– from the design concept stage,
through to analysis, optimization
and manufacturing. MASTA is also
useful in solving issues in existing
designs that show up during testing,
such as durability and NVH problems.
Until recently, software packages,
such as MASTA, have been limited
to static, quasi-static and frequency
domain dynamic analyses, which
are sufficient to simulate many
problems, but are not suitable for
the analysis of any scenarios where
the loading is highly dynamic or
transient. Such scenarios include
engine dynamics and gear rattle.

New forms of analysis
New functionality developed by
SMT, called DRIVA, extends MASTA
into the time domain by including a
flexible multibody dynamics analysis
mode that can be used to solve
these remaining transient problems
via an existing MASTA model.
A case study introduced later in
this paper focuses on the use of
DRIVA in the development of a
transmission control unit (TCU) for
an automatic transmission. In the
development of a TCU, a detailed
mechanical model of the transmission
is required within the plant model.
The plant model and controller
code are commonly developed in
Mathworks Simulink. Because of
this, the mechanical model is often
built within Simulink as well. However,
when designing and optimizing the
transmission, CAE software, such
as MASTA, is usually used, resulting
in a duplication of work – two
separate models have to be built in
two separate software programs for
the two separate tasks. As such, it
is important that the two models are
kept in sync, which is not easy to
do with two separate programs.
In addition to this, generalpurpose software, such as Simulink,
is not optimized for creating a
mechanical transmission model, so

this is often a time-consuming and
error-prone process for engineers.
In order to significantly improve
the workflow for the engineer, to
reduce the time required for
modeling and to reduce possible
errors, DRIVA offers a Simulink
interface that removes the need for
two separate mechanical models of
the transmission. The transmission
engineers and the controller
engineers can use the same model,
ensuring maximum integration.
The DRIVA-Simulink interface
makes all important inputs to the
DRIVA model available, including
throttle, clutch pressures and
applied torques. Any result that
can be logged within DRIVA can
also be returned as an output via
the interface. These include, for
example, shaft speeds, mesh
torques and oil temperature.
As well as removing the need to
create two transmission models,
a mechanical model in DRIVA has
many advantages over one built into
general-purpose products, such as
Simulink. In MASTA, the design
engineer defines the transmission
model in terms of the geometry of
the shafts, gears and bearing.
DRIVA then creates the simulation
model automatically, based on the
level of detail required, which can be
defined on a per load case basis
without creating a new model. For a
simple, fast simulation, it is possible
to treat all shafts as rigid and ignore
effects such as gear backlash.
However, in a different load case
it is possible to include the full
six-degree-of-freedom flexibility of
all shafts, fully non-linear bearings

Embed the DRIVA advanced block
within the Simulink plant model
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and variable mesh stiffness due to
the backlash and tooth passing.
Depending on the development
stage, a highly detailed model may
not be required. For this reason,
two levels of detail are offered in
the DRIVA-Simulink interface. The
basic Simulink block represents
the transmission as an inertia and
ratio. This model is suited to the
development of shift strategy and
fault case behavior in the TCU. The
advanced Simulink block is used
when the full power of DRIVA is
necessary for the analysis of shift
quality where the flexibility of the
drivetrain is important.
DRIVA also makes full use of the
component analysis technology
built into MASTA, which includes
calculations not found in other
commercially available software. For
example, bearings and gears can
be rated to the major standards as
a result of the dynamic loading.
As well as the standard gearbox
components, DRIVA includes
specialized components found
within automotive transmissions,
including torque converters,
multiplate clutches and vehicle
models. Oil temperature changes
during clutch and torque converter
operation are also calculated and
can be taken into account in the
friction coefficient of the clutch.

Case study of a 6-speed AT
The case study of a 6-speed AT
illustrates some of the possibilities
of the DRIVA-Simulink interface. A
Simulink model is used to represent
the entire system – consisting of the
TCU and plant model, which itself
typically includes several major
subsystems: engine, hydraulics,
transmission, driveline and vehicle.
The engine, transmission, driveline
and vehicle form the mechanical
part of the plant model, which

PRODUCTS & SERVICES

Co-simulation schematic
showing data passed between
DRIVA and Simulink packages

means that they can all be replaced
with a single DRIVA model.
Full co-simulation between both
Simulink and DRIVA is implemented
by the advanced Simulink block. In
DRIVA, the simulation was set up to
Simulation results can be viewed in
Simulink and DRIVA. Result shown
for a fixed coefficient of friction
compared with one varying with
speed and temperature levels

apply full throttle to the engine and
the Simulink controller, and it then
used the engine and vehicle speed
output to calculate the appropriate
clutch pressures to pass back to
DRIVA, performing gearshifts or
locking up of the torque converter
during acceleration. Detailed
component results, such as the
gear mesh torque, can be saved in

DRIVA following the analysis, for
later viewing or output in Simulink.
A second simulation was run, this
time using a variable coefficient of
friction for the clutch plates rather
than the fixed value used initially.
The variation of the coefficient
of friction with both speed and
temperature was input by using
data published by Holgerson and
Lundberg. When the results of the
two simulations were compared, the
effect of temperature variations on
plate friction and torque capacity
produced a noticeable change in
turbine (input) shaft speed response
during gearshifts. The results show
the importance of considering
changes in clutch plate temperature
and its effect on torque capacity in
maintaining good gearshift quality.

Using the advanced multibody
analysis capabilities of DRIVA,
combined with the DRIVA-Simulink
interface, important, complex
system behavior can be identified
by transmission engineers and
designers more quickly and easily
through the use of simulation during
the development of TCUs compared
with other development routes. Not
taking this into account can lead
to inferior controller behavior and
increased time spent during the
testing phase, which then has a
knock on effect in terms of cost.
As such, this integrated technology
allows for time to be saved while
errors can be reduced by the use
of software optimized for the further
design and analysis of transmission
models.
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Manual transmission fluids
When developing new manual transmission fluids, the addition of advanced friction modifiers
to the lubricant can provide protection to the surfaces of transmission synchronizer systems

During the last 20 years,
automated transmissions
have enjoyed robust growth.
However, the manual transmission
continues to maintain the majority
market share in Europe and in many
developing markets. The manual
transmission has seen ongoing
improvements in technology and
materials used. New synchronizer
materials, such as carbon, sinter
and molybdenum, now offer a
range of durability and shift quality
enhancements. However, changes
in the materials used in manual
transmissions, increased torque/
weight ratios, higher operating
temperatures and the need for
improved efficiency have put
increased pressure on the lubricant
operating system.
One important aspect of this
robust transmission technology will
be the development of dedicated
lubricants capable of extracting the
highest possible efficiency and
refinement without compromising
durability. The lubricant needs to
have good thermal stability, shear
stability and good load carrying and
extreme pressure performance.
Increasingly, the lubricant is tailored
to match the particular requirements
of the target transmission, including
improved corrosion resistance and
the use of viscosity modifiers to
maintain viscosity performance in
extreme operating conditions. In
developing fluids that deliver these
improvements, it must also be
remembered that a primary
requirement of the transmission fluid
is to enable smooth and repeatable
gearshifts, while maximizing
transmission component life.
The key to delivering these
vital requirements is the friction
performance in the synchronizer
system. The fluid must realize the
right friction performance to deliver

Detailed analysis of the shafts within a 5-speed manual transmission unit

a consistent shift for an extended
drain period (up to 800,000km in
the case of some commercial
vehicles), with a response that is
optimized for the synchronizer
materials used. As the demands
on the synchronizer grow, and
the range of available materials
becomes ever complex, optimization
of shift performance becomes an
even more complicated balance.
In this respect, it is essential to
understand the interaction between

fluids and synchronizer friction
materials. Consequently, Lubrizol
has carried out some in-depth
fundamental knowledge studies in
order to develop next-generation
fluids. Historically, research has
centered on dynamic friction
performance and the control of
synchronizer wear. However, further
focus has been placed on the
examination of the friction profile
of individual synchronizer
engagements to optimize shift

performance and provide wear
protection. This examination of the
relationship between speed and
friction can enable the optimization
of shift behavior – an approach that
is key in the development of a modern
transmission fluid that provides
excellent shift characteristics.
In the development of new fluids,
Lubrizol also analyzes how the
chemical structure of friction
modifiers can affect friction and
wear performance. This is carried
out on a wide range of synchronizer
materials, such as brass, carbon,
molybdenum and phenolics. Typically,
OEMs use a family of friction materials
across a range of vehicles, but may
also use several different types of
materials within one transmission.
When formulating a lubricant
to perform with these materials,
the selection of friction modifier
chemistry can provide the
difference between an optimized
fluid and one that will cause rapid
wear and poor shifting. In comparison
testing, otherwise identical fluids
with different types of friction
modifier added showed enormous

Minimizing synchronizer wear has become an important goal for OEMs as well as transmission development companies
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differences in their properties. Some
friction modifiers respond well on
particular material types, others
show poor shift quality or high levels
of wear on the synchronizer. The
goal is to develop a friction modifier
that provides both optimized shift
quality and overall low wear on
synchronizer parts across the
widest possible range of materials.
Once the optimized candidate
materials have been determined
through extensive testing of their
friction and wear characteristics
using dedicated synchronizer
durability rigs, Lubrizol’s technicians
scrutinize components in microscopic
detail to fully understand how and
why these systems work, aiding in
future development.

Surface analysis
Traditionally, it has been believed
that friction modifier systems
interact with surfaces by means of
weak chemical interactions and do
not form strong bonds or reactions
on the surface of components,
whereas anti-wear and extreme

pressure agents act by forming
either protective or sacrificial films
on the surface of components. In
order to understand the mechanism
of operation of synchronizer friction
modifiers, sophisticated surface
analysis techniques must be
employed by engineers.
Auger electron spectroscopy
of a synchronizer can establish
the chemical composition of the
synchronizer surface, and by
etching away surface layers, the
measurement of the depth of any
lubricant-derived film that may be
present is possible. This analysis
reveals the depth and chemical
nature of any interaction between
the lubricant and the material, which
though likely to be only nanometers
in thickness, performs a very
important role in protecting the
components and subsystems.
It’s important to note that the
performance of different friction
modifier systems can vary
dramatically and surprisingly.
As such, certain types of friction
modifiers are more effective at

The tribofilm found within Lubrizol friction modifiers creates a highly protective film

The further analysis of test cycles after break-in with regards to tribofilm depth

tribofilm formation. The tribofilm
found within Lubrizol friction
modifiers provides a strong and
deep interaction with the surface of
the material, resulting in a protective
film with the depth and chemical
composition that helps to balance
the friction and wear properties. It
was observed that it is important
not just to have a deep interaction
with the friction modifier, but that
the chemical nature of the film was
also important to provide a balance
of wear protection and shift quality.

Surprising results
To understand the kinetics of
tribofilm formation, experiments
have been conducted to test new
synchronizers from break-in to
10,000 cycles. The results were
surprising. When using a nextgeneration fluid, a substantial film
was created very quickly (in the
equivalent of just 200 gear shifts of
a test program). This film protection
shows rapid increase and then
equilibration, to maintain strong
protection and low wear of the
synchronizer parts for the duration
of the test procedure. When parts
are analyzed after 100,000 cycle
durability tests, this protection is
shown to have been maintained.
Using advanced surface analysis
techniques to cut and extract
sections of the tribofilm enables
researchers to visually reveal these
chemical layers and their structures
using a transmission electron

microscope. The application of
these advanced surface analysis
techniques enables interpretation of
the mechanism by which the friction
modifiers added to the lubricant turn
into a protective tribolayer, as well
as demonstrating what can be
altered in the structure of the friction
modifiers to improve their overall
performance. The results of these
fundamental studies are already
being implemented in the
development of new dedicated
manual transmission fluids with
optimized shift quality for new and
future manual transmission designs.
It is evident that the performance
and durability of a fluid is based on
how it has been formulated, using
an advanced additive pack that has
also undergone rigorous testing and
research. Lubrizol’s research into
friction modifier systems has shown
how the additive reacts with the
surface of the transmission parts
and how this protects the
transmission. This is only one
aspect of the way in which modern
manual transmission additive and
viscosity modifier technologies
are being developed for future-proof
maximum performance, providing
end users with many benefits as
well as being tailored to suit OEM
specifications and hardware.
FREE READER INQUIRY SERVICE
To learn more about Lubrizol, visit:
www.ukipme.com/info/tr

INQUIRY NO. 515

Transmission Technology International // September 2014 // 75

PRODUCTS & SERVICES

Precision powertrain springs
Efficient and compact innovative springs and stampings help propel
the next generation of performance and low-emission transmissions
There are multiple innovative
technologies to assist in
achieving the increasingly
challenging emissions/CAFE
standards that automotive OEMs
and their suppliers are facing
globally, including alternative fuel/
powertrain technologies such as
electric, hybrid and other zeroemissions vehicles. However, these
technologies – while promising –
still have relatively low market share
and adoption rates, mostly due to
financial considerations, degrees
of government support and lack
of infrastructure.
Increasingly, automotive OEMs
and their suppliers have shifted their
approach to include breakthroughs
and incremental advances in
automatic transmissions for
gasoline and diesel passenger cars
and light trucks to achieve these
challenging levels of fuel economy
faster and more economically.
The automotive industry has
been abuzz with highly publicized
collaborative transmission
developments among automotive
OEM competitors and some
of their suppliers. GM and Ford
have been public about their
9- and 10-speed automatic
transmission collaboration, Fiat
Chrysler Automobiles and its
Tier 1 supplier ZF have partnered
on the new advanced 9-speed

transmission designs, while
Daimler and Renault-Nissan have
been jointly designing advanced
transmissions such as the 9-speed.
These extraordinary collaborations
exemplify the opportunities and
challenges these advanced
transmissions present to the
industry as a whole in meeting
regulatory mandates on schedule.
As a result, the trend has been
for OEMs and suppliers in the
transmission market to partner with
key component manufacturers to
customize solutions that enable
high-performing, super-efficient
and more compactly packaged
transmissions. Examples of these
leading pioneering technology
companies include Associated
Spring (established in 1857) and
Seeger-Orbis (established in 1917),
both business units of Barnes
Group (NYSE: B) that have a rich

Figure 2: The various synergetic transmission components that are supplied
by Associated Spring (left) and its sister company, Seeger-Orbis (right)
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history of providing critical
engineered powertrain springs and
other precision solutions (springs,
stampings and retaining/snap rings)
to many of the industry’s top 10
global OEMs and their suppliers –
some for more than 80 years.
Associated Spring has been
developing an advanced portfolio of
unique innovative precision springs,
washers and rings that are vital to
the performance of each customer’s
9- and 10-speed transmission
configurations – targeted launch
is scheduled for 2016 and beyond.
Since its first spring patent in
1866, Associated Spring has
invented, or first adopted and
refined, many technologies for
the spring industry, such as
micro-peening, heat induction
and superfinishing. The company
is constantly pushing the innovation
and technology envelope to reach
new performance levels for critical
applications, such as advanced
automatic transmissions. With
manufacturing facilities in the USA,
Germany, China, Singapore, Brazil
and Mexico, Associated Spring
and its sister company SeegerOrbis have an overlapping and
complementary presence spanning
North and South America, Europe
and Asia (with additional global
growth anticipated) to better
serve the needs of the global
transmission market.

Figure 1: Illustration and example of
assembled automatic transmission

Figure 2 illustrates synergetic
precision components that
Associated Spring and SeegerOrbis supply to the automotive
transmission market. With
Associated Spring and SeegerOrbis offering a full-service portfolio,
from engineering to manufacturing,
across the widest range of
automatic and manual transmission
engineered components, their
customers benefit by harvesting
the depth and scope of the two
companies’ combined expertise
while reducing the logistical costs
and supply-chain management in
the complex transmission market.
In conclusion, critical
transmission performance
characteristics are enabled by
Associated Spring’s and SeegerOrbis’s innovations in many
engineered components, such as
valve body springs, Belleville and
wave washers, as well as retaining
and snap rings, all of which are
integral to making cost-effective,
optimized and global vehicles
that are capable of meeting the
environmental and economic
challenges of the 21st century.
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Custom-made ECUs

Electronic control units have a wide range of applications. A detailed, step-by-step
plan regulates the development process and ensures consistent, timely delivery
Drawing on many years of
experience in various product
development projects, electronics
specialist Melecs EWS strives for
innovative and customized solutions
within its electronic control
unit (ECU) development and
manufacturing process. The
company’s ECUs control and
regulate actuators, and can be
found in both passenger cars and
trucks, with applications ranging
from all-wheel drive, to water
pumps, oil pumps and air-dryers.
Innovative solutions – such as the
connector sockets being integrated
directly into the housing, and
the housing itself being made of
lightweight plastic and aluminum
– ensure cost advantages.
Moreover, the large quantity of
generic designs that Melecs has
at its disposal means that the
company is able to provide
custom-made ECUs quickly
and at a fixed price.
A detailed, step-by-step plan
regulates the development process,
and ensures all steps are completed
to deadline. The process itself starts
with the customer placing an order.
Customer specifications are then
either manually entered into the
requirement management tool,
DOORS, or directly imported
through DOORS-Exchange.
ASIL-classified (ISO26262) products
are handled by a cross-discipline,
independent, TÜV-certified safety
manager. The subsequent steps
include electrical (Pspice), thermal
(6Sigma-ET) and mechanical
(ProeMechanica) simulations, which
are concluded through detailed
work in hardware engineering
(Altium Designer), software
development and mechanical
engineering (Wildfire Creo). This
process also includes parts
management and purchasing
activities. This results in short

A detailed plan ensures
that custom-made ECU
development is consistent

decision paths for new products,
and flexibility in ongoing projects.
Finally, rapid prototyping is used to
create 3D prints or milling samples
from original raw materials.
As a result of strong supplier
relationships, A-samples may be
delivered as early as within eight
weeks. The customer’s approval
of the A-samples initiates the actual
development activities. The resulting
B-samples are usually then built up
with volume production equipment,
while all mechanical parts are
sourced from external suppliers.
First, samples of housing parts
are optically measured and
automatically compared with the
CAD data. This facilitates a fast
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process and the availability of an
initial sample test report right from
the day of sample delivery.
Next, the prepared samples
are validated at Melecs’ in-house
validation center. The center
provides environmental, as well as
electrical and EMC tests. During
this step, TÜV-certified quality
managers also perform qualityrelated activities, such as FMEA
and FMEDA analysis. The validation
is followed by a report to Tier 1 and
the subsequent sourcing of serial
tools and test equipment. With
this, the redesign loop for the
production of the C-samples is
initiated. After the production and
EOL testing of C-samples in serial

production with serial equipment,
the samples are validated at the
in-house test center. Depending
on specific OEM requirements,
different external EMC labs are
available for testing the specific
OEM norms. The final step is
formed by PAPP preparation
and the production of D-samples,
as well as run-at-rate tests in the
TS16949-certified Melecs plants in
Siegendorf, Austria; Györ, Hungary;
or, from 2016, the company’s plant
in China.
FREE READER INQUIRY SERVICE
To learn more about Melecs EWS,
visit: www.ukipme.com/info/tr
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Synchronizer system for manual and double-clutch transmissions
A newly developed
synchronizer system,
Hoerbiger’s CompactLINE, aims to
revolutionize modern manual and
double-clutch transmissions for
passenger cars. Developed for use
in high-volume compact and
mid-range car applications,
CompactLINE offers OEMs and
transmission manufacturers the
benefit of substantial weight and
size reduction with best-in-class
shifting comfort.
Hoerbiger has reconsidered the
outer cone synchronizer – a
concept that has been around since
the 1970s, yet one that only few
manufacturers have considered for
series production of the required
components. Complicated contours
necessitate complex machining
steps, resulting in an uneconomical
production process.
This has changed fundamentally
with the revolutionary CompactLINE
development, which offers an outer
cone synchronizer that is not only
compact and efficient, but also
competitive to produce. Hoerbiger

uses almost 100% metal-formed
parts for the CompactLINE,
creating an outstanding cost
structure – especially for highvolume applications.
Compared with standard
synchronizers, the outer friction
cone of the CompactLINE provides
an increase of up to 20% in friction
torque. This means best-in-class
shifting comfort in a considerably
reduced installation space.
Combined with the Hoerbiger
sintered linings, even maximum
loads are not a problem.
The CompactLINE achieves
weight savings in two respects: not
only is the synchronizer itself up to
35% lighter than standard products,
but its compact design also allows
a smaller complete transmission
system. The elimination of the solid
sliding sleeve and active lifting of
the synchronizer rings ensure a
moment of inertia that is
approximately 25% lower, as well as
reduced drag loss.
The design of the Hoerbiger
CompactLINE ensures that all the

components are guided, preventing
NVH problems due to vibrations
from loose parts. This is an
important acceptance criterion for
customers – especially in
connection with downsized
three- or two-cylinder engines.

The diameter of the friction ring,
which is larger than standard
synchronizers, provides an increase
of up to 20% in friction torque

The functional principle of the
Hoerbiger CompactLINE allows for the
elimination of the solid sliding sleeve

FREE READER INQUIRY SERVICE
To learn more about Hoerbiger, visit:
www.ukipme.com/info/tr
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Plus: Transmission Expo

Automotive Transmissions, HEV and EV Drives

Germany
The most international* industry meeting & exhibition in Europe!
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LAST WORD
I’ve resigned myself to farewelling an old friend
one day soon. Thankfully, it’s not former TTi and ETi
columnist Matt Davis, because we’ll be bumping into him a
fair bit in his new, Infiniti-based role. No, instead I’m talking
gearboxes. And the gearboxes I love most are a dying breed.
I’m fascinated by modern technology, but if there’s
something I enjoy using, I only want it to change when an
improvement arrives, not just for the sake of it. That’s why
I’m disturbed about the manual gearbox. It has been my
friend since my first days behind the wheel on a farm in the
Australian bush. It has been the conduit that helped me
access everything on offer from thousands of cars.
There have been days when I have cursed a bad one,
rubberized to death in the name of shift comfort. I’ve been
bemused by the swarf build-up in a Diablo shift gate, and
then loved the ache it left in my thigh and shoulder muscles.
There have also been days where I’ve abused them and
marveled at their very resilience.
My problem with the inevitable demise of manuals is that
I have a deep, soulful connection to them. To feel the buttery
glide of a Boxster S or 911 Carrera S, or the clacking accuracy
of an MX-5 gearchange is to re-engage with a purity of feel
that most car makers hide from us today.
The gear lever on a manual is also one of just six direct
contacts with your machine – and it’s the only one that lets
you reach deep into the engineering gizzards, even as
they’re fizzing about.
What’s more, every other contact
point (apart from the seat) is being
turned into a computer game that
alienates us from what we’re supposed
to be doing. Electric steering systems
dominate, brake- and throttle-by-wire
have become common, and clutches are
at least power-assisted.
I don’t want to admit to its demise,
but I know it’s coming. Hydraulic
autos were the first to split the
drivetrain development budgets
all those years ago. Two-speeds
became three, autos became large-car staples and
manuals were already yesterday’s technology. Sixspeed autos were once la-di-dah, but now
you’re not premium without eight, and nine
is already on the fringes. Most manual
transmissions are stuck at six, and the
one that’s at seven ought not to be.
And besides the autos hogging the
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resources, we’ve also had the CVT that no buyer likes, which
is why Audi hides it in its bewildering lineup of Tronics.
F1-style paddle gearboxes were never a real threat either,
because (with the notable exception of the F430 Scuderia’s
astonishing unit) they were universally awful. BMW M3, M5,
all Ferrari and Maserati ’boxes, Lambo designs, the lot of
them are rubbish, especially at low speed.
But the DSG has a genuine chance to kill the manual.
Auto boxes can’t handle high revs
(the highest, Maserati GranTurismo S
six-speeder, hits just 7,200rpm), which
gave the manual a raison d’être up
high. That’s no more, folks, because
the DSG can put up with whatever a
manual can take.
Economy? Nope, the DSG has the
manual covered there, too, and it has
the added bonus of an automatic
mode and software maps that give
max economy at the touch of a button.
And they can be done cheaply, too.
But although I admire the technology and efficiency of
the DSG gearbox, I will miss feeling everything that goes
on inside a manual – including the constant challenge of
combining everything to give my passengers shifts so
smooth they don’t notice them. We will move to DSGs
and improved autos because they do every tangible thing
better, smoother and faster than manuals. But, when the
end comes, I will miss the intangibles terribly.

Most manual
transmissions are
stuck at six, and the
one that’s at seven
ought not to be
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Filtration for Automatic Transmissions
Filtration for Automatic Transmissions
With our devolopment centers and manufacturing plants in Germany,
USA and China, we meet our global customers‘ requirements.
With our development centers and manufacturing plants in Germany,
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USA and China, we meet our global
customers´ requirements.
• Development & design
• Suction- and pressure-ﬁlters
• 3D-CFD simulation
• Oil pan modules made of
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Individual system solutions, comprehensive and customized, all from one source!
Individual system solutions, comprehensive and customized, all from one source!
IBS FILTRAN GmbH
Industriestr. 19
51597 Morsbach, Germany
Phone: +49 2294 9812-0
E-Mail: info@ibs-filtran.com
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E-Drive

Transmission Modules

All Wheel Drive

Gear Expertise

Inside many of today’s advanced automotive powertrain systems you will find products engineered &
manufactured by Linamar Corporation. From gears to clutch modules, differential assemblies to power
transfer and rear drive units, Linamar’s expertise has helped power transmission and driveline platforms all
over the world. With capabilities that now include active driveline management as well as E-drive systems,
Linamar is on the leading edge of powertrain technology. Learn more at www.Linamar.com.

