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Abstract:

To evaluate the handling of a tilting tricycle with variable stability and tadpole wheel configuration, described in detail in a separate
submission, we select three handling metrics from the literature, develop a testing methodology, and combine the results into a single
handling score. For simplicity of implementation and ease of transferring sensors from vehicle to vehicle, we choose metrics that only
require kinematic data. Finally, we assess the handling only in low- and moderate-speed situations.

Here are the three metrics we select and the two maneuvers we perform to collect the data we use to calculate them:

1. The maximum value of the so-called yaw factor (yaw rate / steer rate).
We compute this metric from the kinematic data recorded during a slalom maneuver.
A low maximum yaw factor indicates smooth turning in the slalom maneuver which correlates with better handling.

2. The average magnitude of the steer angle.
We compute this metric from the kinematic data recorded during a low speed line following maneuver.
The magnitude of the steer angle is related to the difficulty of following the line correctly.
A low steer angle correlates with a low effort and good handling.

3. The average time delay between the roll rate and the steer rate.
We compute this metric from the kinematic data recorded during a low speed line following maneuver.
A low time delay indicates a swift response to correct roll angle in low speed handling.

We combine the three metrics into a single handling performance score with a logarithmic scale to increase the influence of any single
metric, as shown in equation (1). We also include scale factors to balance the values of each metric.

Score = log(M; - a;) + log(M, - a;) + log (M5 - a3) (1)

We tested this method on three reference bicycles: a Batavus Verona as it comes from the factory (stock), the same bike with the front
fork rotated 180° to dramatically increase trail, and a Gazelle Ami C7 as it comes from the factory. The latter is also the bicycle that
we describe converting into a tilting tricycle in a separate submission.

This method of calculating a single handling performance score successfully discriminates between the vehicles with significant
results. Table 1. shows the means and standard deviations of the three metrics for each vehicle after several test runs, and Figure 1.
shows the total handling score for each vehicle.
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Table 1. The means and standard deviations calculated for each metric and the combined score for each vehicle.

Vehicle Batavus Verona 7 — Stock Batavus Verona 7 — Flipped Gazelle Ami C7 - Stock
Metric Mean Std Dev Mean Std Dev Mean Std Dev
Max yaw 3.60 0.31 4.25 0.48 4.09 0.251
Steer angle 3.66 0.39 7.28 0.88 3.94 0.59
Time delay 0.235 0.028 0.330 0.032 0.227 0.023
Score 151 0.987 1.43

We also collect data from two other tilting tricycles, but not in time to include the results in this abstract.

Future experiments will show the handling performance of the tilting tricycle with the variable stability. The hypothesis is that we will
see advantages of the tricycle and that we will find the configuration where the handling is equivalent to that of the reference bicycle.

Batavus Verona 7 | Batavus Verona 7 - flipped
Gazelle Ami C7

Figure 1. A radar chart showing the score of the three test vehicles with the scale factor for each score indicated at the vertex. The two
bicycles as delivered from the factory have very similar performance, and the bicycle with the front fork reversed (flipped) has
significantly worse handling performance.
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