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1.0 [bookmark: _Toc35517255]Introduction
This aspect of the group project investigating, analysing and designing a motorcycle simulator will research and design the rig for the simulator. Some final designs were created in Solidworks CAD software so that FEA (Finite Element Analysis) could be completed and the designs could be analysed for stress strain and displacement.
Many motorcycle simulators have been created in the past although the majority suffer from the realistic aspect of movement for example when a motorcycle leans into a corner the gyroscopic forces help return the motorcycle to the upright position. Similarly, with steering the motorcycle at slower speeds the rider inputs steering in the correct direction whereas at higher speed the rider may input counter steering to coax the motorcycle into leaning the opposite direction. There are many other difficulties that may hinder a motorcycle simulator although this report will analyse some of the positives and negatives of the chosen designs.













2.0 [bookmark: _Toc35517256]Background Research
2.1 [bookmark: _Toc35517257]LeanGP
LeanGP currently offer two types of simulator, a fully faired version for companies (Figure 2) costing 9679€ and a simplified version for home costing 1199€ (Figure 1). The system is compatible with a very wide selection of gaming platforms from PlayStation and Xbox to pc and smart phone. Both versions offer movement left to right and forwards and back, theses allow the rider to simulate leaning into a corner and leaning forward into braking. The system uses a series of springs and sensors to input data into the game (LeanGP, 2020). As mentioned above this simulator doesn’t simulate the full effect of a leaning motorcycle or the shift in weight transfer when accelerating and decelerating although the simulator does use a realistic throttle and braking system.
[image: ][image: ]
[bookmark: _Toc35517162]Figure 2 LeanGP simulator for companies[bookmark: _Toc35517161]Figure 1 LeanGP simulator for home









2.2 [bookmark: _Toc35517258]Cruden Motorcycle Simulator
Cruden have developed a more realistic motorcycle simulator (Figure 3) for use by manufacturers, race teams, universities, research institutions and road safety organisations costing 336000€ with the option of user training at 15000€. Cruden state that their motorcycle simulator offers the user high level rider training, safety research, racing simulations and fine tuning vehicles. The simulator uses hydraulic struts that manoeuvre the motorcycle to simulate scenarios in the simulation, these would increase the realism of the simulation ten fold as the rider would be able to feel the motorcycle moving beneath them as they react to each scenario. The simulator also uses an extra stiff steering actuator that better simulates what a rider would feel on track or on the road (Cruden, 2020). All of these qualities that Cruden offer do bring the simulator industry closer to the realism of riding a real motorcycle.
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[bookmark: _Toc35517163]Figure 3 Cruden Motorcycle Simulator
2.3 [bookmark: _Toc35517259]Summary
In summary of the background research the price point depends massively as well as the purpose of the simulator. For the average gamer that wishes to feel a greater involvement and realism whilst gaming then the LeanGP home (figure 1) would be ideal as it offers an immersive gaming environment. Although for a professional educational institute then the Cruden motorcycle simulator (Figure 3) offers a completely different experience with realistic motorcycle manoeuvrability albeit at a much higher price.



3.0 [bookmark: _Toc35517260]Method
The method for designing a rig for the simulator for this group project first started with a consultation with Dr Owen Williams about the specification that should be met. He stated that the simulator does not need to lean and that the lean angle data would be calculated via torque input through the handle bars. Also the rig would need to be able to cope with a range of weight as there would be many users of different weights.
As the rig doesn’t need to lean the design that was chosen would be one that holds a Yamaha R6 chassis on three upright frames that would use the engine mounts for mounting as shown in Figure 4. The chassis is secured in the natural riding position so that the user will feel as comfortable as possible whilst operating. The benefits of using an actual motorcycle chassis are that OEM (original equipment manufacturer) or aftermarket parts can be attached such as the steering system, gearing system, rear subframe as well as things such as the fuel tank, seat and fairings. All the sections of the rig are modelled using a specified material of alloy steel which has a yield strength of 6.204*108N/M².
[image: ]
[bookmark: _Toc35517164]Figure 4 diagonal view of the final rig supporting the Yamaha R6 chassis
[image: ]
[bookmark: _Toc35517165]Figure 5 diagonal view of the final rig
Due to limitations of the scanned model of the R6 chassis it was unable to include a completed CAD model of the full rig with steering, seat, fuel tank and foot pegs. however, because it is known that all the components mentioned previously have been tested before production it could be seen as irrelevant to complete testing with the full rig as the only new component is the base and the upright supports. FEA testing has been completed on the base and the upright supports so that stress, strain and displacement can be shown and analysed.









4.0 [bookmark: _Toc35517261]Results
4.1 [bookmark: _Toc35517262]Stress
Figure 6 below shows the stress analysis of the base and uprights, as shown the scale on the right of Figure 6 the blue indication shows little to no stress moving up the scale to the red showing high stress points. As displayed the rig shows little to no stress when a force of 1470N (the equivalence of 150kg) is distributed onto the mounting points. There is however a small area of red under the rear mount although this area only reaches a peak of 1.741*107N/M².
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[bookmark: _Toc35517166]Figure 6 Static test 1 showing stress analysis








4.2 [bookmark: _Toc35517263]Strain
Figure 7 shows the strain analysis of the rig with the same amount of force distributed in the same way. Similarly, as above in 4.1 Stress it can be seen that the majority of the rig is displayed in blue with similar point under the rear mount that show up in red although when looking at the scale the peak strain value of 5.038*10-5 which in these terms is nothing to be concerned about.
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[bookmark: _Toc35517167]Figure 7 Static test 1 showing strain analysis










4.3 [bookmark: _Toc35517264]Displacement
The image below, Figure 8, shows the displacement of the rig when subjected to the 1470N force distributed over the mounting points. The displacement analysis shows how much the rig would bend when subjected to this force. As it can be seen the model again shows mainly in the blue colour meaning no deformation and a red area at the centre of the rear mount. Although this red section may lead to concern, by looking at the indicator on the right hand side of figure 8 the maximum deformation is 7.181*10-2mm which would not hinder the functionality of the rig.
[image: ]
[bookmark: _Toc35517168]Figure 8 Static test 1 showing displacement
4.4 [bookmark: _Toc35517265]Result Summary
From looking at the results above it can certainly be said that the rig will be able to cope with any uses that it may encounter. Being made from alloy steel which is a very strong material a permanent structure can be made that should need little to no maintenance.
From looking at the results from the force of 1470N where little to no impact can be seen, the rig could be said to be overdesigned although with frequent use and rigorous testing using the equipment the over engineering aspect may be more useful than a lightweight slimmed down version.

5.0 [bookmark: _Toc35517266]Analysis
With future development and more in depth materials research the design that has been chosen could be refined further to reduce material cost whilst improving stress, strain and displacement characteristics. As the design that was chosen is far stronger in terms of looking at stress in particular one possibility could be to change the front two uprights to single struts as these are low stress points. Another possible adaptation could be to extend the legs on the base further if this would improve the stability of the design although without the rig needing to lean then the risk of sideways force is minimal.
If in the future a rig that is required to lean with the user, similar to the designs of LeanGP and crudens, this design would not be able to be adapted easily. For this specification a design with a single support strut would be preferred with a gyro at the base to allow a two axis movement, in this case hydraulic actuators would also be beneficial as the user would not need to pull the rig back to the upright position.
[bookmark: _Toc35517267]6.0 Conclusion
In conclusion a motorcycle simulator rig would be highly beneficial to the university and would be a fantastic project that many students and lecturers alike would be interested to develop. The simulator could be used for many applications within the university from motorcycle engineering students analysing track data to versatile project work and with the Orthrus race team for pre event testing and development.
With the depth of knowledge and understanding of practices within the university a project such as this could be manufactured in house which in turn would keep costing to a minimal. In regards to converting signals inputted by the user into an accurate heads up display or virtual reality headset may have to be outsourced to the computer science or game design faculties. With the many aspects that are involved in this project it would be a very good opportunity to pool the universities vast resources to complete.


[bookmark: _Toc35517268]
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