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Introduction

Uncertainty quantification plays an increasingly important
role in the vehicle development simulations [1-2].

Aside from the variation in the product itself [3-5], during the
development additional uncertainties can arise. Very well-
known are measurement uncertainties like the variation in the
positioning of sensors [6-7] and subsequent influence on
result quantities [8]. Furthermore, the signal processing of test
results can also be a source of uncertainty [9].

Therefore, simulations of test scenarios can be helpful for
uncertainty quantification. In the following study, the
influence of input forces variations on the resulting frequency
response functions (FRF) is assessed using FE simulations.
This approach allows different test scenarios to be analyzed
in a very fast way, while ensuring that only the force
parameters are varied, which is hard to achieve in testing.

This method can be used to investigate the influence of
parameter variations and check whether differences between
simulation and measurement tests arise due to uncertainties in
measurement test conditions. Cram et al. [10] performed a
sensitivity analysis study to identify relevant input parameters
in a similar but more systematic way.

In this contribution, the simulation model and load cases are
first presented, followed by an analysis to determine the
influence of varying the applied load in magnitude, phase, and
direction. In the last step, the variation is reduced to an
estimated range to determine if the resulting variation in the
FRF is relevant and should be considered in future
investigations.

Model description

The model considered is a FE model of a Trimmed Mass Body
(TMB), typically used for vibroacoustic investigations, with
20 million degrees of freedom. Further description of a similar
model can be found in [1].

Figure 1: NVH FE model.
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A harmonic frequency response analysis is performed in the
frequency range from 20 Hz to 110 Hz. The quantity of
interest analyzed in the defined range is the mechanical
admittance Y(w), which is defined as

v(w)
F(w)

Y (w) = [mm/Ns] (1)

where v(w) corresponds to the structural velocity and F(w)
to the excitation force.

The chosen excitation load case used to assess the vehicle
vibration comfort corresponds to sway forces applied to the
support bearings, as shown in Figure 2.
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Figure 2: Investigated excitation load case.

Here the load case is represented by two simultaneous forces.
Therefore, it is possible to investigate the influence of phase
uncertainty between both forces, which is for a single force
equalized due to the normalization of the FRF. Additionally,
the influence of the force magnitude and spatial direction
variation is also investigated. Since using two shakers for
excitation is a common practice in measurement tests, these
uncertainties can occur.

The investigated load case and frequency range have an
exemplary role and, therefore, can be easily adapted for the
analysis of other test scenarios.

Results

Phase variation

The first step was to evaluate the effect of phase angle
variation from 0° to 180° on the applied force acting on the
left side of the vehicle. That is, the transition from a swaying
motion to a solely lifting motion is analyzed. As shown in
Figure 3, a smooth transition is observed between both
scenarios. As expected, the x-rotation decreases given that the
final phase (180°) corresponds to two forces acting in the
same direction.
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Figure 3: Phase variation influence for a range from 0° to 180°.

Considering that such large phase errors are unlikely, a more
realistic error range from 0° to 10° was assumed for the
following analysis. Figure 4 shows that a small phase
variation results in a very low standard deviation. The highest
relative standard deviation is 0.83%. Therefore, a slight shift
in phase during the measurement has almost no impact on the
frequency response analysis and can be neglected.
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Figure 4: Phase variation influence for a range from 0° to 10°.

Magnitude variation

The next step was to investigate the influence of varying the
force magnitude acting on the left side of the vehicle. For a
general analysis, Figure 5 shows the effects of varying the
magnitude of the force over a wide range.
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Figure 5: Magnitude variation of £ 50%.

However, it is assumed that there can be a maximum
difference in magnitude of + 5% on the applied force during
the measurement. As a result, the largest relative standard
deviation is 1.87%. Hence, a small error in magnitude does
not lead to a significant deviation in the frequency response
curve, as depicted in Figure 6.
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Figure 6: Magnitude variation of + 5%.

Direction variation

To investigate the influence of varying the force direction, an
additional force component in the y-direction was added to
the applied force acting on the left side of the vehicle. A
preliminary analysis evaluates large y-force amplitude values,
as shown in Figure 7.
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Figure 7: Direction variation: additional y-force with varying
magnitude of £50% of the primary z-force.

The high values may indicate that even small changes in the
force direction can significantly impact the frequency
response curve. Therefore, the analysis was also conducted
considering a y-magnitude range corresponding to + 5% of
the primary z-force, as shown in Figure 8. That is, using the
assumption of a 5% margin of error.
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Figure 8: Direction variation: additional y-force with varying
magnitude of + 5% of the primary z-force.

3.09% is the highest relative standard deviation for this
uncertainty. In comparison to the previous results, this
deviation is much higher. However, the overall difference
between the result curves is very low and especially in the
most important resonances neglectable. Therefore, this
deviation is also of low importance. Nevertheless, it reveals
that an error in the force direction has the strongest influence
on the resulting FRFs.

To complete the investigations, the influence of an additional
force component in the x-direction was also analyzed. Both
large and small scenarios variations were analyzed, and the
results are depicted in Figure 9 and Figure 10, respectively.
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Figure 9: Direction variation: additional x-force with varying
magnitude of + 50% of the primary z-force.

As expected, a more realistic range of £ 5% leads to much
lower deviations, as depicted in Figure 10. Here the same
conclusion as in the y-direction case is suitable.
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Figure 10: Direction variation statistics: additional x-force with
varying magnitude of = 5% of the primary z-force.

Conclusion

In summary, this study shows how wuseful numerical
investigations on uncertainties can be for planning bench tests
and analyzing differences between tests and simulations.

In addition to the model parameters of the vehicle, the
admittance response can also be influenced by the input force
uncertainties. It was observed that the frequency response
functions are sensitive to the force's phase, magnitude, and
direction uncertainty.

Nevertheless, considering a realistic variation range for the
input force uncertainty, the resulting deviation is sufficiently
low and thus negligible for most applications related to
vibroacoustic in the context of vehicle development.
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