

















By changing the principle of the shaft hub connection to a friction based shaft hub connection, as shown
on the left hand side of Figure 7, the uncertainty can be reduced. The function for torque transfer is
realised by only one interface and the transfer of the axial force is realised by only the bolt connection,
shown in green and blue. The splitting of the flow of axial force is, due to the known elasticity of the
components, determinable. Figure 7 right shows the expected force on the bolt for the applied torque in
comparison to the ideal behaviour. The expected splitting of the flow of axial force also shows possible
variations due to geometrical variation, but in comparison to the previously shown shaft-hub connection
the variation is significant lower.

The measure of using a different, more robust shaft-hub-connection can only be applied when designing
a new product or redesigning a product, because a change of the solution principle results in further
changes in the machine due to interfaces and different load capacities.
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Figure 7. Left: Qualitative splitting of the flow of force in an determined shaft-hub
connection; Right: Qualitative influence on the Signal due to variation of the geometry
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The fourth type of measures allows more variation of the functional performance, but is no suitable
solution for the application of MME, because this would lead to restricting usage conditions or reducing
significance of the sensor signal.

The fifth type of measures aims to reduce the potential of errors, but is partly already realised in the
description of the third measure: Fewer interacting interfaces lead to less possible disturbing influences
and therefore lead to a more robust solution with respect to the sensor function.

5. Conclusion

Mechatronic Machine Elements offer the same mechanic function as regular machine elements, but also
enable measuring of the load acting on these machine elements. Because the acting loads are
representative for the actual state of the machine or even the process the machine is acting on, the
benefits are undisputed. But current MME are complex and cost-intensive products that are used for
test-rigs or when the higher mechanical performance is mandatory. Simpler MME that sometimes are
even composed of only one load carrying component, offer possibilities to measure variables of the
machine that cannot be affordably measured the conventional way. The resulting issues implied by the
usage of MME are shown, but also the promising results of using robust design measures to overcome
the issues caused by the limited production precision of standardized machine elements. Some measures
lead to minor changes in the design and can be used to enable existing designs for the usage of MME.
Other measures can be used for the search of solution principles and can help to choose a more robust
sensor principle for a needed mechanical function. The authors propose for future research the
development of guidelines and catalogues for the robust usage of MME or advices for adjustments for
the successful usage of MME.
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