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The primary goal for the 2019 powertrain team was to design and 
manufacture a rugged and reliable powertrain for the University of 
Georgia’s first Formula SAE race car. Starting from scratch, the team set 
out to design a powertrain system that utilizes a motorcycle engine with 
custom solutions for the air intake, exhaust, cooling, electronics, fueling, 
and final drive system. The team researched many potential motorcycle 
engines and chose the one that we thought would be best for competition. 
The competition rules limit the displacement of the engine to be less than 
710cc. We decided the Yamaha FZ-07 engine was the best engine 
platform to build on for the future. The FZ-07 engine provides higher 
torque at lower rpms compared to competing 4-cylinder engines. It allows 
for easier integration into the chassis due to being lighter and smaller than 
competing power units. Its inline 2-cylinder design with a 270-degree 
crankshaft is optimal for autocross setting which is the style of the 
competition. 

Cooling

Testing & Tuning

Exhaust

Final Drive

We utilized a two row aluminum core radiator with dimensions of 270 mm x 258 
mm x 50 mm. A 9-inch fan paired to an aluminum fan shroud is attached to the 
radiator. The aluminum fan shroud allows the fan to pull air through the entirety 
of the radiator rather than just the surface covered by the fan. The fan is set to 
turn on at 190 degrees Fahrenheit and to turn off at 175 degrees to ensure the 
engine is operating at the optimal temperature.

Fueling Specs:
Capacity: 7 L
Tank Material: 14g Stainless Steel 
316L
Fuel Type: 93 octane
Fuel Pressure: 42 psi
Filler Neck: Clear Acrylic

Fuel Tank Design: Internal baffle 
placed to reduce the effects of 
sloshing when cornering. Clear 
filler neck used to double as sight 
tube per FSAE rules.

The decision for final drive was to create an independent rear suspension that utilizes a 
spool to effectively transfer the engine’s power to the rear wheels. A spool was chosen 
over a differential because spools are lighter and less complex. Fixed to the spool is a 
brake disk and a sprocket driven by the chain. Moving outward, a 930 CV joint is connect 
to each side of this spool. This is followed by a shaft which is connected to a wheel hub 
by a tripod joint. 

As per Formula SAE 2019 rules, a 20mm 
diameter restriction is required within our intake 
system. In order to reduce the pressure drop 
from this restriction, we designed a venturi tube 
to minimize the pressure loss. We also, used 
choke flow analysis through the restrictor to find 
a theoretical rev limit of 7000 rpm. 
Our original design was 3D printed and mocked 
up to the car. Unfortunately, due to packaging, 
this design could not be used. Another design 
was made and its mold was 3D printed. We then 
made the final piece out of fiberglass to reduce 
weight and ensure it is airtight. The final design 
consists of a throttle body attached to the venturi 
tube. From there, air enters a 5.3L plenum, 
where it diverges into the two runners before 
entering the engine.

The engine is equipped with a PE3 
aftermarket ECU and sensors. The engine 
does not use a conventional RPM sensor that 
reads crankshaft angle for ignition timing. 
Instead, the system uses a MAP sensor that 
reads the change in air pressure at the 
opening of the intake valve to the cylinder. 
The ignition is synchronized to the air intake 
pulse and fuel is adjusted based on TPS and 
lambda sensor readings. The team tuned the 
engine with the pe3Monitor tuning software to 
achieve idle and test all components in the 
powertrain system. The project resulted in a 
completely custom powertrain unit ready to 
drop into the car for competition. 

For the exhaust system, we decided to use the FZ-07 stock exhaust as a 
baseline for our designs. Purchasing this exhaust ensured that the pipes fit 
properly to the engine, sufficient back pressure was retained, and effective 
cancelation of sound was achieved. The stock exhaust was rerouted by cutting 
and welding new pipe to fit in the available space.
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