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1. [image: ]Rider performance analysis 
[image: ][image: ][image: ]This screenshot shows an occasion on entry to the turn 5 where Garry is aggressive on the throttle causing the front suspension to unload immediately before braking. He then has to apply the front brake gently to begin with to carefully reload the front wheel. The other riders forgo the short period of acceleration between close together corners here in favour of a more controlled corner entry.

These traces show Simon’s forks harshly topping out on corner exit and wide throttle opening.  

[image: ]
[image: ]By contrast, this is a typical trace of Garry’s bike topping out in the same dynamic conditions. The forks top out more gently because of a longer, softer top out spring. You can tell because the suspension position oscillates slightly around equilibrium between the two springs before the wheel contacts the track again. Also he is feathering the throttle to control a wheelie in the first instance of top out so its clear the front wheel is off the ground. A longer, softer top out spring may help Simon by stopping the front fork extension more softly when wheelieing and by being able to alter the effective spring rate in the initial part of the forks travel.

This shows Simon negotiating the Fogarty esses. His approach differs from the other riders in that he very quickly switches his from leaning one way to the other, shown by his suspension loading, unloading and loading again rapidly but in a controlled way. This and the fairly constant throttle opening suggest he is taking sweeping lines through the corner with the intention of carrying speed. 

 

[image: ][image: ]
 These two moving window screenshots show Garry and john going through the same chicane. There suspension is unloaded mid corner for longer meaning they are upright mid corner briefly instead of flicking from extreme lean angle one way straight to the opposite. They also see higher maximum suspension loads and more varying throttle input suggesting they are braking hard, turning in a tight radius and then sitting up and accelerating briefly in between the two corners of the chicane before closing the throttle and slowing slightly to turn tightly again and drive up the straight. This tactic of turning very suddenly and tightly gives high damper acceleration and rapidly loads wheels which could cause loss of traction, however, the conclusion from the data is that the modern technique of braking hard, turning and getting the bike upright with the throttle open as quickly as possible is the fastest way around this corner.
 
[image: ][image: ]John’s output for brake pressure is very unsmooth, and Garry’s is overlayed for reference. This could be due entirely to John’s input but is more likely a fault with the sensor, bad signal quality, poorly absorbed bumps in the track surface transferring shocks up to the handlebars or slightly warped brake discs. 





2. [image: ]Data acquisition system

Figure. 1
Connectors:          
A. Binder  712  8 pin                                      CAN module   BC8ANA2DIG                        
B. Binder 719 4 pin                                        Logger              LGcanstick2C_V3
C. Deutsch DT06 3 pin                                   hub                   4 port
D. Deutsch IMC 200 12 pin
E. Binder 712 8 pin
F. USB port
X.   open sensor inputs
Z.   open CAN inputs

Sensors:
1. Brake pressure SAPK 025 M10
2. Linear Potentiometer SALP 125                 
3. Inductive speed sensor SDV01M8             
4. Current amplifier interface IN-AUI            
5. Linear potentiometer SALP 100 
6. Temperature sensor SA-NTCM06_5V       
7. Lambda sensor SALSU4
8. Gyroscope SAGYV4
9. [image: ]Air pressure sensor SAPA04
Figure 2
[image: ]Figure 3 

Figure 1 is a wiring diagram showing sensors, connections and layout of the components in the system. The analogue-to-CAN box has inputs for four analogue and one digital sensor (or three analogue and two digital) and connects directly to the logger. The logger’s CAN 2 connects to the rest of the CAN bus, centring around the hub which provides connections for the GPS, the module, the dash and power from the bike’s battery. The module has eight inputs for analogue sensors and two digital. 
Figures 2 and 3 show the approximate positions of the components on the motorcycle. 



[image: ]
Figure 4
This Diagram shows how the analogue-to-can box connects to sensors towards the rear of the bike. This component comes with rated IP40 connectors so its positioned under the seat to protect it from rain. The logger sits on the underside of the left frame spar. The hub and module are under the tank just behind the steering head. CAN lines from the dash and GPS and sensors input cable to the module pass through the gaps in the frame and the wiring junction for all the sensors on the module is behind the dash in the front of the fairing. This layout has the benefit of keeping main components and most of the CAN bus protected from a crash inside the frame. Most connections for analogue and digital sensors towards the front of the bike are in the nose of the fairing, shielded [image: ]from the rain. It also mounts main components like the analogue-CAN converter and CAN module close as possible to the multiple sensors connected to them, meaning the wires from sensors are as short as possible and hopefully provide good signal quality.Wheel speed sensor
Suspension position sensor
GPS
logger
Airbox pressure sensor
Analogue-to-CAN converter
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CAN hub and sensor module
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components, mounting, routes and sample rates:
Suspension position - linear potentiometers should be mounted by quick release ball joints to 3D printed clamps around the top and bottom of the fork and shock. The sample rate should be high. At the rear it can be 800hz with direct connection to the logger but at the front the module’s maximum sample rate is 400hz. There is only a short length of cable out of the sensors but connections are exposed so Deutsch DT06 plugs with IP rating of 67 should be used and possibly a cheaper, sacrificial superseal plug nearer the potentiometer at the front in case it’s pulled off in a crash.
Brake pressure – sensors at the front and rear master cylinder screw into the banjo connections. Sample rate of 400hz should be used to closely monitor rapidly varying rider input.
Wheel speed – inductive speed sensors need to be mounted on the front and rear brake caliper brackets, ideally not directly touching to prevent overheating. At the front, the bobbins of the floating brake discs can be used as signal donators and at the rear the bolts fixing the disc to the wheel. Cables route up the brake hoses to prevent them becoming too slack with suspension travel and flapping in the wind.
RPM – a current transducer uses the hall effect to measure the pulsed current in the ignition coils. It can be fixed in close proximity or directly to the coil and the sample rate should be only just higher than it needs to be to not miss the spark, taking into account maximum engine speed.
Airbox pressure – the air pressure sensor can be fastened to the side of the airbox. A small hole needs drilling in the airbox to project a small pipe inside. This sensor is protected inside the frame and its cable routing is simple and short. A sample rate of 50-100hz is suitable. A higher sample rate might be useful to study changing pressure in the airbox due to pressure pulses in the inlet tract.
Lambda – the exhaust requires a M18x1.5 threaded boss with a gasket face welded onto it for the probe to screw into. The probe should screw into the headers as they collect from four into one. This means the probe is reading an average of all four cylinders but is not attached to the separate single pipe leading to the silencer which may have to be replaced after a crash. The probe needs to sit at 90 degrees to the gas flow and a Deutsch AS6 7 pin plug gives provision to heat the probe, both reducing accumulation of exhaust gas condensate. The cable can be routed in front of the headers and behind the radiator where it is slack but protected from snags.
Gyroscope -  needs to be fixed vertically and rigidly to the frame spar ideally on the inside for protection. A sample rate of 800hz is suitable as yaw, roll and pitch rates change rapidly in dynamic situations like braking and leaning into corners. 
Dashboard – the dashboard needs fastening to the current clocks bracket in place of the old clocks. A piece of Perspex over the screen can protect from flying gravel. Cables routed between the yokes and forks, through the gaps for wiring in the frame and to the CAN hub. 
Coolant temperature – ideally readings should be taken from the water jacket around the cylinders. This would require an M5 hole being tapped into it. Alternatively, the sensor could be screwed into a boss on a short piece of metal pipe fitted into the coolant hoses just downstream of the engine.
The logger, hub and module can all be fastened with 3M dual lock tape.


This system is suited to motorsport use because it captures mostly data on behaviour of the bike in dynamic situations for analysis in order to identify problems and improve setup. Some engine related data is also necessary in the tuning of the engine. Airbox pressure sensor will give mass air flow through the engine and lambda sensor the air/fuel ratio. Some sensors that could be used have been left out because of their cost and necessity. The system has open sensor inputs at the front and rear that could be used for accelerometers. One each over the front and rear suspension would help  suspension tuning by effectively measuring transfer of force from unsprung to sprung mass as well as longitudinal and lateral acceleration under braking, throttle or in corners. To save cost, one could be used and positioned as required. Another possible addition could be infrared thermal sensors (BC-IR0200_Tyre_x_set-000) measuring tire temperature. This could be helpful in learning to manage your tires throughout a race, especially in endurance racing, but is costly and not of any great use when one set of tires is completely used up in a single race. The sensors are also at high risk of accidental damage from small stones and rubber flung off by the tires.
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