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Abstract

Engine vibration is one of the main causes of discomfort for motorcycle riders; however, the severity strongly depends on the engine configuration. Multiple experiments were conducted with different motorcycles using Bruel & Kjaer instrumentation. The scripts and GUI presented in this paper are used to import and process the measured data using FFT as well as perform a comparison between various datasets based on root mean square of acceleration. The key part of this work is to identify how engine rpm varied throughout the measurement as this information was not initially observed. The processing of vibration data in order to correctly determine engine rpm is a crucial step for successful comparison between various measurements.
1 Measurement Layout
There were 4 accelerometers used during a baseline measurement located on the handlebars, rear sub frame, front engine mount and a foot peg. There were up to 12 active channels with the sampling frequency of 4096 Hz. A typical example of accelerometer mounting is in Figure 1.
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Figure 1: Examples of accelerometers attached to handlebars
2 Data Processing
High-end Bruel & Kjaer instrumentation was used for the measurements. The output file format is .uff. So the first step was to read the input data. In order to do so, readuff() function available at [5] was utilized. The .uff data that was read is in a form a cell array containing one structure array for each measured channel. The structure arrays contain many fields; however, in this case only two of them were important. The field measData contains the actual acceleration values and the field x contains appropriate time values. These pieces of information were extracted for further use.
The second step was to perform the Fast Fourier transform in order to determine what frequencies appear in the measured data. The key information is that engine rpm (revolutions per minute) were not explicitly observed during measurement. Due to the nature of the measurements special assumptions were made. The measurements were conducted over a large spectrum of engine rpm ranging from idle to maximum rpm. To properly process the data a very small time step was chosen where engine rpm were assumed constant. The FFT was performed over this short time domain which allowed determining among other things the engine rpm at the given time step. An example output of this part of analysis is shown in Figure 2.
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Figure 2: Example spectrogram of acceleration
 
At this phase it was necessary to actually find the way how to determine the engine rpm from FFT results. To do so a simple GUI was developed as shown in Figure 3. The upper part of the GUI displays the raw acceleration data in the time domain. At the left part of the upper subplot there are two vertical lines. These lines represent the time frame for which the FFT was performed. In the lower subplot there are FFT results. Location of one of the peaks represents frequency that corresponds with engine rpm. To determine which peak is the most important one depends mostly on engine configuration, especially on the number of cylinders. The crosshair indicates that ginput() function was used and after clicking on a peak it automatically records the frequency and time step. This piece of information is used to construct the engine rpm distribution during measurement and consequently it allows comparing results of different motorcycles.
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Figure 3: GUI for data processing

Once the engine rpm distribution is obtained it can be plotted against root-mean-square of acceleration. RMS is used to express the intensity of vibration and allows comparison between various measurements. An example of RMS against rpm plot for 12 channels is shown in Figure 4.
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 Figure 4: RMS of acceleration against engine rpm distribution
The final step which demonstrates the main purpose why the described scripts were developed is to perform a comparison between various measurements. Two similar single cylinder motorcycles were instrumented and vibration data was processed using the same approach. This comparison is displayed in Figure 5.
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Figure 5: RMS of acceleration comparison for different motorcycles

In the last figure above it can clearly be seen that the solid curves are below the appropriate dashed curves which means that Motorcycle A is less harsh in terms of vibration for given measurement points. But it has mentioned that the only valid data points are the ones shown by cross and circle markers. The actual curves were created using Lowess smoothing. The data points are not evenly distributed which is mainly caused by throttle control which did not allow for smooth increase of rpm.
Conclusion
The aim of this paper was to show how vibrations of motorcycle engine can be analysed using MATLAB. The scripts described above enable data processing, root-mean-square evaluation and comparison between various measurements. The bottleneck of the whole process is finding the rpm distribution during the measurements. This area has a lot of room for improvement although the GUI proved to be very helpful. As in most cases the confidence of the analysis strongly depends on the initial measurement data. The measurement itself was conducted multiple times on the same motorcycle and only a few of the runs were suitable for the analysis. One of the ways to improve that would be to prepare a script that would merge and process multiple measurements on the same motorcycle creating possibly many more valid data points for consequent fitting shown in the last figure. 
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