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Final Report on the KTM 690 engine selected for formula student.

This final report will cover the Engine KTM 690 engine, which was selected for the formula student group prejct vehicle. 
The KTM 690 was chosen over a shortlist of multiple engines, it’s peak torque of approximately 60 newton meters at 5500RPM was desirable, coupled with the fact that the engine is easy to source, along with its smaller size made it the best choice of engine from an early development standpoint.

Formula student regulations state that a restrictor plate of no more than 20mm must be placed between the throttle body and engine when running naturally aspirated, this would greatly reduce the power of the engine; as the aim was to minimise the impact of the powertrain on the chassis of the vehicle in terms of size and weight. A turbo was not selected to offset the loss in power to limit the amount of modification made to the engine. 
As the engine is a single cylinder, there is a throttle body with an air intake immediately attached, running a longer air intake, along with a fabricated plenum to extend the length of the intake manifold would reduce the impact the restrictor plate would have on the air flow rate to the engine. This could however mean an increase in pressure drop in the intake system, so a large intake filter along with a smoothed intake tract would be fabricated to reduce such a drop.

As the throttle body of the duke 690 engine is 42.8mm wide, the restrictor plate would decrease the volume of air at combustion by 53%. Without an appropriate map, the injector flow rate would be unchanged, with the air-fuel mixture being over compressed, leading to a loss in power and an excess of generated heat. The engine would ultimately run rough, may knock and is likely to stall when attempting to idle. 
The engine would need to be tested with the additional/extended intake plenum to ensure that the air fuel ratio is still stoichiometric, if running richer the flow rate of the injectors would need to be reduced.
The Motec M150 was chosen as the ECU, as it includes tuning software and datalogging. The ECU is widely used in formula student, meaning such a large presence would come with much more support if required from both the supplier and other experienced users. The Motec supports a narrowband and knock sensor which would assist with the production of a safe map, the existing sensors would be checked to see if they could be linked to the Motec ECU and run as desired before purchasing aftermarket units.
To save money the wiring loom of the stock ecu would be modified to fit the Motec M150, the cost in this instance would be reduced to a kit for cutting and crimping the wires along with any new plugs, this would give the team freedom to run a custom wiring loom for little money.





Gearbox
The KTM 690 features a constant mesh gearbox with a wet clutch, such a setup enables the gears to always be engaged, whilst the clutch is used to shift between them. A steel cable connects a hand operated lever to the 690’s clutch; it is responsible for disengaging the clutch when pulled, however as the engine would be placed behind the cockpit, relocation of both the clutch lever and shifter was necessary. 
In terms of driver controls a buggy pedal box kit was selected for its size, being able to fit into a 40mm diameter chassis. Throttle and clutch cables can be routed directly from the duke engine to the front of the pedal box. 
The kit also includes a Wilwood T-1 master cylinder to run both front and rear brake lines, along with two reservoirs for the master cylinders. 
[image: Pedal Box top view 2D]

The clutch cable would be removed from the hand lever and retrofitted to the clutch pedal.

A throttle tamer tube is installed between the throttle body and throttle cable of the Duke 690, it reduces the amount of throttle travel required to open the throttle, this would be removed with the throttle cable routed directly to the throttle pedal. 
A foot shifter is used on the 690, this is a lever that moves up and down. When holding in the clutch, pushing the lever up progresses though the gearbox and pushing the lever down reduces the gear, the shifter would be linked to a hand-controlled lever in the cockpit which would push for an upshift and pull when shifting down. 
A Drexler V1 differential would be paired to an output shaft and chain drive from the 690, with this a set of custom length driveshafts can also be provided by the supplier. The final drive ratio would be controlled by the difference between the output shaft and the differential sprocket.

[image: ]
The Drexler Meant that the size of the vehicle would once again remain as small as possible, whilst maximising the potential for grip and how much power is sent to the wheels.
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