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Bearing analysis

Detailed analysis of bearing dynamics improves
performance and cuts development times
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out of product development. It is particularly true in the

drivetrain where the frictional forces are the most complex
and critical. Developing prototype transmissions is expensive
and time-consuming, but any warranty issues once production
starts can be far more costly.

To be a successful supplier these days you have to do a lot of
work with the traditional standard analysis packages available.
But to gain a commercial edge, many now develop their own
software to understand their products more completely and to
provide better support to their customers.

INA-Schaeffler of Germany has been taking this approach
for some time. The company, a specialist supplier of rolling
bearings and components for engine applications, uses a
number of in-house packages to improve the development
process. "We developed Bearinx, Simpl and CABA in-house
because there was nothing on the market that satisfied our
needs," says analysis and simulation engineer Peter Kelm.

The right software is essential in order to take the guesswork
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INA's Bearinx programme analyses
pressure distribution in shaft
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“They help us reach the overall cost-reduction and the shorter
development cycles demanded by car makers.”

INA targets its development towards very specific
applications, rather than creating tools for broad use. This
enables INA application engineers to perform simulations - and
thereby increase their system understanding - that would be
assigned to specialists otherwise.

In rolling bearings, the mainstay of INA's business,
durability is a key question. Calculating the bearing loads for a
transmission, however, can be very time-consuming. Ordinarily
you would have to do a calculation for the entire transmission.
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Bearinx package simulates and analyses transmissions
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The package provides in-depth
analysis from transmission level to
the rolling element contact

This can take up to two weeks, even with specialists using

modern software. "All transmissions, wherever they are designed

in the world, pass through our offices,” says Kelm. “Calculating

around 100 transmissions a year takes a lot of capacity and

knowledge. We wanted to overcome this."

The firm uses its Bearinx package to simulate

and analyse transmissions. The simulation takes a

couple of hours to set up. Itis then a couple of

minutes before it starts to produce results.

The package is run on applications early

on in the design process to ensure the

finished product will meet customers'

specifications.  When  customers

update an existing engine or

gearbox with new components

and add-on systems, they can

suddenly develop unexpected

behaviour like noise, vibrations

or premature wear. INA runs the

simulation for them to find out
what must be changed.

The package provides an

integrated in-depth analysis from

transmission level to the rolling

element contact and even includes

flexible parts. Just as a connecting rod

deforms under dynamic loading, the same

is true of a transmission’s planetary drive. "The

initial aim is to understand what is happening

at the bearing level, then we work to predict and

prevent failure,” says Kelm. Reduced development

time and cost is often the upshot.

For years INA used its 2D modeling software Simpl

as a dynamic simulation complement to Bearinx. As a 2D

model, there are obvious limits to its modeling capability.

Nonetheless, it can contribute significantly to applications, such
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Ready
as friction analysis in full complement cylindrical roller bearings
often used in planetary gear drives to determine how the friction
conditions change when the bearing runs at certain speeds.

The system was developed to address transmissions
suffering from planetary gear problems. "Back then nobody
understood what was going on," says Kelm. The greatest
benefits of the software were shown by a project on a four
speed automatic gearbox from a European car manufacturer.
INA realised that simply by changing the bearing design, it was
possible to save 1.7kW in frictional losses. "It took a heating
system out of the transmission, reducing the temperature by
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CABA programme analyses a tapered roller bearing
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around 20°C. It can also mean the difference between having
to use conventional lubricants and synthetics, so there is
some impact on cost," he says.

CABA, INA's most recent addition is more sophisticated,
able to study the dynamic behaviour of any kind of bearing
- in 3D. Loads, torques, pressure distribution, stress levels and
the distribution of slip can be analysed and displayed. The
programme can predict how components will behave even
before the part is made and tested. “It simulates things, which
others simply can not. This helps us to be close to our customers.
We can integrate into manufacturers' CAE processes and do a
lot at the virtual stage of product development,” says Kelm.

INA used the virtual test-rig to optimise a recent six
speed automatic for a big US manufacturer. The programme
let INA's engineers see what happens when loads and profiles
were altered. It enabled them to suggest changes to the design
to reduce friction and heat. “CABA saved a month in the
development cycle of the project,” says Kelm. “While it would
have taken months to build a test rig, it proved things in a
matter of days and hours."

In manual transmissions, INA does a different kind of analysis.
Efficiencies are better and the focus on getting the shift comfort
right. Manufacturers must make sure the driver knows when
they are in neutral and are selecting the right gear.

Drivers have a clear idea of whether a gearbox is good or
bad. The hard part is quantifying what the customer wants.
The type of vehicle also makes the task more complicated: the
transmission in a Porsche, for example will be designed very
differently to the gearbox for a compact car.

Synchronisation adjusts the speed in the shift. As the
driver shifts from one gear to another, the speeds of the shafts
differ. They must be equalized or they damage the gears.
The supporting structure plays an important part in how the
transmission copes with the stresses.

The detent pin also plays an important part in determining shift
feel. It rides along a curved surface, which provides the engaged
and disengaged positions for the different gears. "We optimize the
curved contour and the design of the dome-like profile inside the
detent pin. To give the right feel we calculate the friction torque
and the resistance during shifting,” says Kelm.

Designing the gate's contours properly is a tolerance issue.
Each part carries a different tolerance. If the gates are too
tight, shifting becomes too difficult; too wide and there's no
guidance. Finding the right compromise is essential. "You then
have to find out what tolerance has the most impact and what
is important for manufacturing,” says Kelm. “You separate the
tolerances that aren't important so you can come up with an
economical solution.”

The software work is just one part of the shifting simulation
INA carries out. The company has developed a life-size shift
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of a cylindrical roller £
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The CABA programme analyses
slip distribution at inner ring of
a cylindrical roller bearing

simulator. Manufacturers can sit in a mocked-up cockpit
and experiment with different shift feels. The shift simulator
itself uses technology taken from the aerospace industry. It
is possible to try out different gearbox configurations with
different bearings, synchronisation and plate designs. It gives
proper shift feeling and allows customers to quantify the shift
feeling that they want to achieve.

“It gives full feedback simulation of the forces without the
need for a real product,” says Helmut Adler, vice president of
strategic marketing. “We can use different numbers of aisles and
gate contours. The friction forces are included in the model.” It
makes it a lot easier to say what parameters need tuning and to
see what happens when different components are used.

Reducing time and development costs is a major aim.
“Previously there were a lot of cycles between the manufacturer
and the supplier, costing a lot of time and money. Anything
between five and 15 iterations was possible. The simulator is
helping reduce the time," says Adler. “Building a relationship
and trust takes time. This is a good way of communicating to
customers what you want to do and why." B




