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Abstract
A 125cc pit bike was measured in static configurations and its dynamic behavior was recorded on a go-kart track in order to build and validate a model within the VI-Grade multiphysics simulator environment. A virtual road was also built from recorded GPS data which reflected the rider’s exact lines through the circuit, and a utility was made in MATLAB to pre-process the GPS traces for import to the VI-Grade environment. Unfortunately, volatility in the solver proved insurmountable and no successful lap simulations could be run, though the potential of the VI-Grade model system is readily apparent. The repeated and inexplicable failures, however, called into question the viability of such a system for general deployment; while clearly capable of very high fidelity simulation with enough curation of the input data, the effort required to do so might prove it less useful than something more manageable such as an analytical model.
1 Introduction

Data gathered from both from shop measurements and lap recordings of a 125cc pit bike were used to build a representative model within the VI-Grade multiphysics simulation software environment. Then, GPS data from the lap recordings were used to recreate the circuit road surface in VI-Grade, and the resulting model circuit was combined with the bike model in order to attempt a lap simulation.

2 Bike ModelTable 1: basic measured geometry
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2.1 Shop Measurements

Measurements of the bit bike static geometry such as wheelbase, caster angle, tyre radii, et cetera were taken in order to accurately build the VI-Grade model. The basic geometry, shown in table 1, was taken wherever possible while the bike was held upright by another team member, and “loaded" values were measured while the fully suited rider was sitting in approximate riding position. Center of mass for loaded and unloaded states of the bike were determined via the tilt method as described by Vittore Cossalter (Cossalter 2006, pp81). The calculated centers of mass are displayed in table 2:
Table 2: pit bike center of mass locations
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Several dynamic measurements were also gathered in the shop, chiefly the wheel moments of inertia. These were found by first removing the wheels from the motorcycle and mounting them on a center spindle which projected out from both sides of the wheel hub such that the wheel and spindle could not rotate independently. The assembly was then arranged at the top of a metre-long ramp such that the wheel could spin unobstructed with the spindle supported by the ramp on either side. Upon release, two people individually noted the time it took for the assembly to roll to the bottom of the ramp, and each tyre was tested with three runs for a total of six datapoints per tyre. Equation 1 returned the mass moment of inertia, where m is the wheel mass, r the spindle radius, h the ramp height, l the ramp length, s the time in seconds.

 					[1]

Once the mass moment of inertia was determined, the equivalent masses of both wheels were found using formula 2, where M is the equivalent mass and R is the wheel radius:

						[2]

[image: ]Simple statistical analysis was undertaken in order to further reduce uncertainty in the results. Table 3 shows the equivalent masses in kg for both wheels; the data in red were collected via an unstable wheel-spindle setup which did not produce reliable numbers. As such, the ramp test was redone for both wheels and the resultant figures from that second attempt, in black, are of much better quality. Though the initial rear wheel value was not too far off, the standard deviation and standard error for both wheels was nonetheless reduced in the second trial. Therefore these were the values used to build the model.Table 3: Wheel equivalent masses. Red values were not used in the model.


2.2 Lap Recordings

The pitbike was fitted with a 2D data logger which collected ECU data as well as throttle position, front brake pressure, front and rear tyre temperature, GPS location and accelerometer data, rear wheel speed, and front and rear suspension position. It was then ridden around a go-kart circuit, Kinsham Raceway, for a number of laps in several sessions all performed on the same day, by the same rider. Typical lap times stayed around 50 seconds, with the shortest being 49.6 seconds and the longest at 54.4 seconds, excluding in and out laps and laps where the rider crashed. Figure 1 below shows traces gathered from a 49.9 second lap. Suspension positions are in the upper half in orange (front) and teal (rear) with the front brake pressure in red. On the bottom half, front (white) and rear (yellow) wheel speeds sit slightly above GPS calculated speeds (purple) with engine RPM in green. Throttle position is not displayed due to issues encountered with the potentiometer which rendered the measurements unusable. Notable, too, is the large amount of noise in the RPM measurement, perhaps due to some electrical interference with the sensor. While the RPM trace in its current state may not be accurately reflecting the operating conditions of the engine, it can nonetheless be used as an ersatz throttle indicator, as the low RPM periods during deceleration and other ‘throttle off’ events can be clearly identified.
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Figure 1: Recorded data from a 49 second lap at Kinsham Raceway

2.3 VI-Grade Model

The collected data were then plugged in to VI-Grade to build the multiphysics model in VI-BikeRealTime software. BikeRealTime has two main model archetypes: standard and conceptual. The standard model relies on empirically gathered data about a specific machine, whereas the conceptual model makes use of more analytical techniques, particularly in regards to suspension damper behavior. For the model in question, a standard archetype was chosen, the exact configuration of which is available in appendix 1. In order to satisfy VI-Grade’s model requirements, some additional pit bike data needed to be gathered: an engine dynamometer test as well as front and rear damper dynamometer tests were performed and used to create reference tables used within the model. Unfortunately however, improper mounting brackets put too much noise into the front damper dyno results for them to be usable, so a generic damper reference table was employed in the VI-Grade  model instead. Final drive and gearbox teeth were physically counted via a surplus gearbox in order to supply the model with the correct drivetrain information, and frontal photographs with the rider in position were used to determine the area for the aerodynamic drag calculations.

3 Road Model

In order to validate the VI-Grade model against the real pit bike, a model of the Kinsham Raceway circuit was made in VI-Road, with the intention of comparing the bike simulation data with the logged real world data. VI-Road accepts several formats of input including GPS location data along latitude, longitude, and altitude—these were logged during the lap recordings and so an accurate reflection of not only the relevant circuit but also the specific lines taken by the rider could be used to validate the model. However, it became apparent that some formatting and cleaning of the GPS traces from the logger was necessary. A preprocessing utility, GPS2Path, was written in MATLAB in order to make the logger data more palatable to VI-Road. In addition to reformatting the relevant files, GPS2Path was made capable of slightly altering the first and last sections of a circuit in order to ‘stitch’ the data into a loop. First, single lap GPS data was exported from 2D. Then, it was stitched, smoothed, and reformatted in GPS2Path before being sent to VI-Road. Figure 2 below gives an example of raw single-lap GPS data within the GPS2Path interface; this particular example is from the same lap shown in figure 1. It can be seen that, due to differing paths at the start and end of each lap, there is some slight separation between the endpoints of the circuit, shown more clearly in figure 3. Figure 4 shows the same data stitched into a loop and smoothed. This smoothing was done via averages weighted by the user: the first and last GPS points of the loop were both set to the same point halfway between their original positions and each subsequent GPS point, up to a limit again set by the user (indicated by the blue exes in the figures) was moved to a spot on a straight line between its original position and the new position of the previously altered point following the formula:

					[3]

Where Xn is the new position, Xp is the position of the previously altered point, Xo is the original position of the current point, and n is the weighting number set by the user. This was done across all three axes to stitch the loop together in latitude, longitude, and altitude if supplied. If no altitude was supplied in the data, GPS2Path would default to a perfectly flat circuit.
GPS2Path was also given the functionality to change the start point of a stitched circuit, indicated in the figures by the green circle, which proved useful in pre-processing as the GPS lap markers in 2D were set according to the point of least interference rather than the raceway’s official starting line. This was accomplished by simply shifting the GPS points forward through the matrix they were stored in until the first and last elements corresponded to the desired starting line.
Once imported to VI-Road, some additional post processing was required in order to make the track usable to the BikeRealTime model. It was discovered that the model bike began oriented facing the negative X direction in every simulation; it was necessary to rotate the road model such that the initial straight lined up with the bike’s starting direction, otherwise the simulation would quickly fail. Additionally, some changes to the track height had to be made to avoid tyre clipping during simulation initialization, which would also quickly cause failure.
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Figure 2: raw GPS data in the GPS2Path UI
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Figure 3: Close-up of the disconnect between start and ends of a loop
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Figure 4: The same section of track as figure 3, now blended via GPS2Path as per eqn. 3



4 results

While the data collection and model preparation seemed to go well, unfortunately the VI-Grade solver proved too volatile, and not a single successful lap simulation could be performed. Frequently, the BikeRealTime environment would simply crash upon simulation start—without debug messages indicative of the fault, figuring out what was causing the crashes quickly became a problem of attrition in trial and error. The bike model in the VI-Grade environment depended on a mix of given values and linked lookup tables (as can be seen in appendix 1). Initially, the lookup tables were files created out of the data collection done on the pit bike, with the previously stated exception of the front damper. In order to determine what might have been causing the unstable behavior, these lookup tables were systematically changed out for default files provided with the VI-Grade software package; in this manner it was found that the tyre behavior files seemed to be the biggest cause of instability. After these were changed to their defaults, the simulations began to run more consistently.
However, the simulations still did not successfully complete a lap. Severe instability—this time not of the software but of the simulated model itself—caused the bike model to crash after no more than a few seconds of simulation time had passed. In most of the simulations attempted, the bike would simply fall over at the starting line, and in no attempt did it get past the first turn of the circuit. While initially thought to be caused by tyre clipping, as illustrated in figure 5, once the track elevation was adjusted the problem persisted. Review of the failed simulations showed a fairly consistent progression of events: upon simulation start, the bike immediately began to turn its front wheel side to side. This front wheel wobble quickly unbalanced the bike, causing it to fall over within moments of initialization. As can be observed in figures 6 and 7, this instability was either added to or caused by rapid switching from high levels of braking to high throttle. Interestingly, even though the simulation was intended to start at speed and in some cases mandated to do so in the simulation settings, figures 6 and 7 show it at nearly a standstill—whether or not this was the sole cause of the simulation failures or simply a contributor could not be determined.
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Figure 5: Tyre clipping was thought to have been the problem with the bike falling over
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Figure 6: at 0.4 seconds, the virtual driver can be seen stabbing the brakes and steering hard left
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Figure 7: at 0.7 seconds, the virtual driver now steers right and puts the throttle on

5 Discussion

Needless to say, in absence of successful simulation data, validation of the multiphysics model cannot be performed. Therefore, this discussion will instead focus on the utility of a VI-Grade multiphysics model in a rather more general sense.
While the underlying mathematics governing the various VI-Grade models is inaccessible to the user, some comments can be made about the approach the software takes in building up the models and then simulating them in maneuvers. First and most obvious—both the standard and the conceptual model archetypes require a surprising amount of data input to be useful, the standard model more so than the conceptual. As can be seen in index 1, moments of inertia even for non-rotating components such as the front suspension members are asked for while, curiously, such fields are absent from the drivetrain configuration settings, in which not only gear tooth counts but also up and downshift points must be manually input. The conceptual model makes use of many of the fields which are greyed out in the index images; it can be seen that some of the inputs, such as center mass locations for suspension sections, would be no less difficult for a user to gather than the measurements required for the standard model.
The VI-BikeRealTime environment seems to have attempted to accommodate models of varying complexity: many options such as rider body sections, clutch settings, suspension stops, and even bike cargo racks are available but not necessary for the model to be simulated. However, the easy availability of such complexity may serve to obfuscate those components of the model which are truly important and, more topical to the project attempted in this paper, each level of complexity adds more points of failure which may stop the model from simulating at all. Chief among these culprits are the lookup tables and reference files used to supplement the model such as the engine performance table or the tyre behavior reference sheets. As has been very clearly demonstrated in this project, an error or otherwise unpalatably formatted data in any one of these supplementary files may cause massive problems to the simulations which are difficult to fix.
Assuming the model can successfully initialize a simulation also does not guarantee useful results. Again, here the VI-Grade model approach suffers from its complexity: though the simulations attempted here did not benefit from them, the simulation settings are themselves highly customizable. As was demonstrated, circuits from real world data may be imported along with custom made road surface reference sheets and even the performance of the virtual rider may be altered. Had the attempted simulations lasted longer than two seconds, it would have eventually become necessary to make use of what VI-BikeRealTime refers to as a ‘performance map,’ wherein the user may define how aggressively or how cautiously the virtual rider performs at any given area on the circuit. Similarly, there is also the option to specify a .vdf or ‘virtual driver file’ for the simulation, which is essentially a complex and, again, customizable behavior algorithm that VI-Grade uses to guide the virtual rider’s behavior even more finely than what is allowed in a performance map.
It seems fairly clear that, should a user manage to develop a model and simulation which work well together, VI-Grade would be capable of mimicking real world performance to a high degree of fidelity. Of course, the effort to create such a model can be expected to increase drastically as the quality of the simulation does. Ultimately, the determinant factor must be simulation fidelity—for uses such as component changes and performance fine-tuning, a solver like VI-Grade seems particularly suited. However, the apparent volatility of the system would seem to discourage too much experimentation—indeed, for general performance indication or assessment of larger changes, a more analytical approach might offer enough accuracy to be useful and require significantly less effort to set up.

6 Conclusion

Measurements and trackside data logging were used to characterize a pit bike with a specific rider in order to simulate that bike and rider in VI-Grade. The model and track for validation were successfully built in the software, however, problems with first the reference datasheets and then the performance of the virtual rider proved insurmountable, resulting in zero successful lap simulations despite the clear potential of the software. Should further work be undertaken, much more development into the virtual rider behavior will be necessary to ensure proper performance of the model, possibly including the development of a virtual driver algorithm which could then be applied to different bike models.
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