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Gearing
[image: https://2.bp.blogspot.com/-ptXWbyQaZEo/V03n4xhvhYI/AAAAAAAAAXY/dVWYi9f_hcIzp51_VUIxCTVTz4ss9lAlQCKgB/s640/East%2Bfortune%2Brace%2B1.jpg]There isn’t any rules or regulations concerning the driveline thus many gearing systems have been used over the years to achieve success. There are two main configurations that have the most success. According to an online technical handbook (joseph, 2010) a simple yet effective solution is with a constant gear vehicle. A constant gear vehicle features one gear and varies the motor speed to accelerate. This is good as its easy for teams to construct and is also efficient in terms of losses to friction. If a team is really going for simplicity they can use a throttle switch instead of a potentiometer and gear the vehicle to operate at max rpm. This is also the setup the current vehicle has however There are many problems with this setup. one major problem is the high current draw during low rpm such as when the vehicle is accelerating or on a hill. According to online sources (smith, 2017) If the gearing isn’t set right the motor can also use up its available battery charge very quickly and not finish the race or even worse burn out the motor. 
Figure 1 
Graph to demonstrate current and voltage over time for a green power participant (smith, 2017)



The graph above clearly demonstrates what can happen if too high a gear ratio is selected. At approximately 3800 seconds the battery voltage begins to drop rapidly and by 4500 seconds the battery voltage is at about 18 volts. By this point the battery will have sustained irreversible damage and won’t be able to be used again. On the other side however If the gear ratio is too low the vehicle will be going much to slow and finish the race with plenty of battery capacity to spare. Thus, getting the gearing to match the current draw of the motor is essential. (smith, 2017)
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Figure 2 
Graph to demonstrate current and voltage over time for a green power participant after a 7% reduction in gearing (smith, 2017)




The graph above clearly demonstrates a small reduction in gearing will have a lasting effect on the battery over the course of the race. One of the team’s engineers explain (smith, 2017) that after a 7% reduction a gearing they were able to get a battery that would last them the entire race. 
One method to combat this is to add multiple gears on the vehicle. This will allow us to use lower gears during acceleration and hills to reduce the overall speed but also greatly reduce current draw. This system also has its flaws however. With increased complexity also increases frictional loses due to the more moving parts as well as a chance of component failure such as a chain coming off a sprocket. (joseph, 2010)







Motor
According to the green power technical and sporting regulations (green power, 2019) The rules regarding the motor are pretty simple. Green power state that the motor is to be supplied by green power and is not allowed to be opened or modified in any way.
 ‘’T1.1. The vehicle will only be powered by one 24-volt DC electric motor supplied by Greenpower. No hybrid systems are allowed.’’ (green power, 2019)
‘’T1.2. The motor is sealed and must not be opened or modified. ‘’ (green power, 2019)
‘’T1.3. Motor cooling is only permissible using passive or forced air, without any prior energy input or power from batteries other than the main vehicle batteries. ‘’ (green power, 2019)
‘’T1.4. The motor must be easily accessible for inspection. Greenpower reserve the right to remove motors for return to the manufacturers for inspection.’’ (green power, 2019)
[image: ]For the purpose of this assignment we will analyse the current setup and try to come up with a solution that will improve upon this system not abiding by the rules but still keeping the regulations in mind.
Figure 2 
graph to demonstrate typical current and motor speed values against torque for an electric motor. (joseph, 2010)



According to one source (joseph, 2010) the performance graph of the electric motor supplied is similar to that of a generic electric motor. At 0 RPM the motor produces 100 percent of its available torque and as the rpm increases, available torque decreases. Thanks to the formulae mechanical power = angular velocity x torque we can work out that the power at different RPM. At point A the RPM is 0 therefore no mechanical power and at point C (max RPM) the torque is 0 so again no mechanical power. The graph also shows that at point E and D the mechanical power is the same except that the current draw at E is drastically higher. Therefore, during cruising the aim should always be to operate within points D and E. As shown by the actual performance graph below (fracmo motors no date) the current motor setup is a is a 24-volt motor with a max rpm of 2000. The motor achieves peak efficiency at approximately 1800-1850Rpm and this is where we will aim to keep our rpm during the race. 


[image: ]Figure 3 
graph to demonstrate actual current and motor speed values against torque for the fracmo 24v electric motor used in all green power vehicles. (fracmo motors, no date) 



















Discussion
In order to determine which part of the motor / gearing system is either faulty or needs improvement, a baseline was first established of the vehicle with a few preliminary tests. Before preliminary testing some calculations were performed using data from the working prototype as well as some data from manufactures specification for the motor and battery. The purpose of the calculations is to establish some expected values whilst the preliminary testing is to establish the actual values. The data provided by the manufactures is expected to be much better than the actual equipment due to the motor and battery being used many times before. 
The following data was collected from manufacturers specification.
	Yuasa REC36-12I (12V 36Ah) Yuasa Cyclic VRLA Battery

	Nominal voltage
	12 Volts

	Capacity 
	2  x 36 Amp/Hours



	Fracmo GP1248 Electric Motor

	Operational voltage
	24 Volts

	Power 
	240 Watts

	Rated RPM 
	2000 RPM

	Max Torque
	13.5 Nm



The following data was collected from the current Greenpower setup.
	UWTSD Greenpower Vehicle

	Vehicle weight
	175Kg

	Drive sprocket teeth
	12

	Driven sprocket teeth
	72

	Gear ratio
	6:1

	Driven wheel diameter
	0.485m



Wheel RPM and Road speed
The current setup makes use of a sprocket and chain setup so firstly the drive sprocket and wheel sprocket were measured to see the ratio of teeth between each sprocket. We must also have to find the wheel diameter or radius to determine the road speed with the current setup. The RPM of the vehicle will also be measured as 2000RPM as this is the only available rpm the driver can operate at due to a throttle switch being in use
Firstly, the driven wheel RPM and subsequent road speed were calculated to ensure our vehicle was achieving the correct rpm during testing. One source explains (Kennan, 2019) the following formula can be used.
Wheel Speed (RPM) = Motor Speed (RPM) x  
Wheel Speed = 2000 x  = 333.3 rpm (2dp)
In order to calculate the road speed, we need the circumference of the tyre which is the diameter x π. The diameter of the wheel was measured to 485mm.
Circumference of Tyre = 485mm x π = 1.5237 M = 4.99 FEET (2dp) 
4.999 x 333.3 = 1666.17 Ft/Min (2dp) 
to convert Ft/Min to MPH the Ft/Min value was times by 60 then divided by 5280
1666.17 x 60 = 99970.2 Ft/Hour 
423443.2944 / 5280 = 18.93375 MPH 
Therefore, our vehicle at 2000 motor rpm should achieve theoretically achieve 333.3rpm at the road wheels and a vehicle speed of 18.9MPH. 
Battery discharge amount and current draw 
[bookmark: _GoBack]In order to calculate the expected capacity of the battery using the current setup, peukert’s law was used. According to one review (doerffel, sharkh, 2006) peukert’s law is used to calculate an amount of time a battery will last given its battery capacity and current draw. Unfortunately, this equation does not account for some things. According to one online source (battery stuff, 2019) peukert’s law equation doesn’t account for temperature or for examples with lower discharge rates, peukert’s law doesn’t consider batteries will have a self-discharge rate. For the purpose of this calculation the capacity of one battery was calculated then the answer was then multiplied by two to achieve the actual capacity since two batteries are in use. The peukert’s law equation in use here is as follows: 

T = Discharge time (hours)
H = Stated battery capacity discharge time (hours)
I = Discharge current (amps)
C = Stated battery capacity (amp/hours)
k = peukert’s constant (no units)
According to manufacturer’s data the stated battery capacity is 36a/h measured at the 20-hour rate. According to one source (battery stuff, 2019) a typical value for peukert’s constant for a lead acid battery is between 1.1 and 1.5. this constant relates to the condition of the battery and a lower value for this will equate to a longer lasting battery as expressed by the formula. Since the YUASA REC36 BATTERY IS AN ABSORBED GLASS MAT OR AGM BATTERY TYPE ACCORDING TO ONE ONLINE SOURCE DDDD( )    For the purposes of this calculation we will assume the battery is in new condition and has a peuker’s constant of 1.1. this is due to the fact that all other values were manufacturer specification therefore the battery should be in ideal condition. This just leaves current draw which in order to get as accurate as possible an online simulator was used. as much information about the vehicle as possible was used however some parameters had to be assumed. This meant that some factors such as the drag co-efficient, rolling co-efficient, drive efficiency frontal area and motor cooling were left as that of a typical green power vehicle as stated by the rotary racing simulator. (rotary racer, 2019)
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The data produced by this simulator was able to confirm the speed of the vehicle at 18.9Mph. the data was also able to predict a current draw of 16.67A from the battery. With this value we can then calculate the expected time our vehicle can run. 

20 = Stated battery capacity discharge time (hours)
16.67 = Discharge current (amps)
36 = Stated battery capacity (amp/hours)
1.1 = peukert’s constant (no units)
With this value it is expected that the vehicle at 100% full throttle will last 0.62 hours or 37.2 minutes due to there being two 0.31-hour batteries. This value matches that of what is to be expected and could possibly finish the race as it isn’t normal that the throttle will be at 100% for 100% of the race. This unfortunately is one major downfall of the vehicle and causes a major problem when trying to calculate how the vehicle will fair during a race. 
Preliminary testing
To test the longevity of this setup we measured the voltage of the battery over a period of time with the throttle taped on. At 26 minutes the voltage began to drop from 22.1v all the way to 15.5v at 31 minutes. That’s just over a 7v drop within 5 minutes so the test was ended there. This is also slightly lower than that of what was calculated. This will have been caused by the age and condition of both the battery and motor being slightly lower than the manufacturers specification and was to be expected.
Figure 4
Graph to show current setup battery voltage over time





Due to this it is expected that the longevity of the battery would need to be improved. One method of doing this would be to reduce the gearing in order to put less load on the electric motor and thus decreasing the current draw. This is what an actual Greenpower team could do however for the purpose of this task can be modified in any way possible. This allows for the modification of the battery’s and motor. When choosing an electric motor, it will be preferable to use a motor which works in conjunction with the battery. A motor with a higher power output or motor efficiency will always be advantageous however the motor must be able to efficiently operate with the battery. As explained by an online source (precision microdrives, no date) This means if a 50v motor is selected then the total voltage of the battery must also be rated to 50v. the same can be said for current draw. For the purposes of explanation say a 36a/h battery is chosen with a motor twice as powerful as the current one, the motor will expend its available energy much to quickly. therefore, in order to better improve the vehicle, the gearing will be reduced and the motor will be chosen once a battery is chosen by another colleague. 
 
Graph Showing Voltage of Green Power Batteries over Time
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GreenSim - Greenpower Car Simulator

Rotary Racer: Terry Barnaby - Version 3.1 - 2013-09-29 - Information and Help
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MOTOR PERFORMANCE GRAPH

To maximise your car performance and to avoid burning out motors it is important to understand
the motor characteristics. The graph is quite simple even though at first glance it looks complicated.

Motor Speed

Power Curve

©

Torque

At start-up, position A, the motor will run up to max rpm at B.
Mechanical power output = Angular Velocity (rpm) X Torque.

At start-up the rpm is zero so power s zero.
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