Lego Engine Project 
By 
ANTHONY BURGESS
Introduction

My Lego engineering project started in 2001 when I decided to bring my knowledge of engines into Lego. I wanted to create an engine that I had designed myself, and it took nearly a year of design ideas to come up with the current design. I enjoyed the design process immensely and didn’t give up because I was so interested in seeing how a Lego engine would run.
These engines are not actually engines in relation to combustion engines. They are compound machines – a machine that converts one type of energy into another. In this case, it is the conversion of kinetic energy in the form of pressurized air into kinetic energy in the form of physical movement and the production of torque.
Limitations

Lego when used like this has many advantages and limitations. 

One main problem was the bricks themselves and the way they fit together. There are small gaps because of the join between each brick. This means that air escapes. Also, the bricks do not form a perfectly flat surface, thus the pistons and valves tend to ‘catch’ on the sides. I have attempted to perfect this and the cylinders and valves no longer catch on the side, but it is still not perfectly smooth. 
Background

I have overcome many of these limitations and have built a very good engine. I would now like to represent the other parts of the project. These bring a lot of mechanics and physics into play and demonstrate my love for the subject and building in general.

My fascination in engines pushed me to build one, and the best material that was easily available was Lego.

I would also like to say that all this was done in my spare time and has no connection to school projects. I did not copy any ideas or designs from the internet and everything is that has been built has taken my time to design.

The Engine
Here are some initial pictures of the engine. These were modeled on MLCad which is a simple program that allows the virtual production of Lego models.
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Information
Here are some specifications of the engine. Note that all figures are taken when running the engine off a vacuum. The vacuum is a 1200 watt DYSON that is sucking air out of the engine. The engine can also work with air being blown in.

	Specification
	LEGO Engine

	Cylinders
	2

	Capacity (CC)
	38

	Horsepower
	0.016 HP @ 1100 RPM

	Torque
	0.5 Lb/Ft @ 400 RPM

	Valve operation
	Double acting, one valve per cylinder

	MAX RPM
	2300 RPM

	Efficiency
	1.8 %

	Piston Speed
	6.1 Ft/Sec  at 2200 RPM

	Compression Ratio
	5:1

	Kilowatts
	0.02 kW

	Watts 
	21.2 W

	Work Done
	16.5 Lb/Ft

	Timing 
	90 degrees out of phase.


Gathering of Information
I used many methods to gather the information above. I downloaded a program called Virtual Engine which calculates engine characteristics.
I also researched horsepower and how it is calculated. I bought a Lego RPM sensor to measure RPM and then I created my own Horsepower calculator in Microsoft Excel. 

The Horsepower Calculator
Method 1
This was created in Excel and uses James Watts’ equation: 

1 HP = 33000 pounds, pulled 1 foot, in one minute. By scaling this down I was able to calculate the horsepower of my engine. 

To calculate the distance traveled, I set a distance of 10 feet and put 3.3 pounds onto a trailer. I then attached this to the engine via string and ran the engine. I timed how long it took for the engine to pull the trailer the 10 feet, as well as measuring engine RPM. I then used a spreadsheet and formulae to calculate the horsepower. From here I was able to calculate the torque, work done, kilowatts and watts. 
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This is a screenshot of the page. The figures shown here are for my engine. At the top, I have selected pounds pulled to be 3.3. I calculated that for the equation to work, the mass pulled would always have to be 33,000, but this could be divided by 10’s in order to reach a lower number. I then input 5 feet and the time it took. I used these following formulae to calculate the power:

Firstly, the time it took my engine to pull 3.3 pounds must be divided by 60. This answer is in the how many times smaller my number is. This result is multiplied by the feet traveled to get the equivalent pounds/ feet in one minute. 
F= feet traveled in time
P= pounds pulled
A= feet in 60 secs

T = time



A = F * (60/T)
This gives us feet traveled in 60 seconds. All we need now is the pounds pulled and the horse power is calculated:
HP = (P/33000) * A
The torque is then calculated by:

(5252 * HP)/ RPM
Method 2

I found this was the best way to calculate horsepower. I found another way that involves weight and MPH, but this would have meant building a chassis for the engine. 
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Here, the formula to calculate the horsepower is rather complicated. 
= (((S/234) ^ 3 * W))



S = Speed (MPH) W = Weight (Lb)

I have tried to find out how the formula works but it is difficult. I did not use it in the end because there were better ways.

Method 3
The final method I used was to first calculate the torque, and then to calculate the horsepower using the torque and the RPM. I got very close to the real horsepower of the engine by doing it this way, which I was pleased with because I had used wheels that were 1 inch from the centre attached to the output shaft of the engine. Each Lego wheel weighed ¼ of a pound, so four of them equaled one pound. By attaching 4 of these and running the engine, I could say that the engine was pulling 1 lb/inch of torque. However, I then needed to convert this into lb/ft. For this I made my own formulae and used Excel. 
	RPM
	Weight Turned (oz)
	Weight Turned (lb)
	Distance from crank (Feet)
	Torque (lb/ft)
	Horsepower

	2260
	1
	0.0625
	0.1079
	0.00674
	0.0029019

	2100
	4
	0.25
	0.1079
	0.02698
	0.0107859

	1200
	8
	0.5
	0.1079
	0.05395
	0.0123267

	720
	12
	0.75
	0.1079
	0.08093
	0.0110941

	550
	16
	1
	0.1079
	0.10790
	0.0112995

	440
	20
	1.25
	0.1079
	0.13488
	0.0112995

	150
	24
	1.5
	0.1079
	0.16185
	0.0046225

	40
	28
	1.75
	0.1079
	0.18883
	0.0014381


At a given RPM, and by increasing in 0.25 pounds, I was able to calculate the Lb/Ft turned from Lb/Inch. 

Firstly I converted ounces to pounds:

O = Ounce

= O*0.0625 
I then calculated the distance, in feet, from the crank to the edge each wheel. The distance in inches was 1.3. There are 12 inches in a foot, and to find the number of inches in a foot, where 1 foot = 1, then I divided 1 by twelve. This gave me the number 0.083. By multiplying this by 1.3, I calculated the distance in feet from the crank to the wheel:
· 1/12 = 0.083

· 1.3 * 0.083 = 0.1079 feet.

The torque could then be easily calculated:

D = Distance from crank to edge of wheel.
P = Pounds turned

Torque = D * P
Because the RPM was also calculated, I input the formula for Horsepower and was able to come up with a figure.

HP = horse power
          T = Torque


R = RPM
HP = (R/5252) * T
HP = 0.0123 @ 1200 RPM.

This is fairly close to the actual figure that I calculated from the first method. This third method was created by me and all the formulae involving conversions were created by me as well. I was happy that the figure was quite accurate.  
Maximum horsepower occurs at a certain engine speed and torque level, and this therefore produces a curve. As the engine speed builds, the torque builds and so does the horsepower. The horsepower then gets to a peak but then begins to drop because as the RPM increases, torque decreases, and therefore the result are smaller.
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The graph clearly shows that HP gets to just over 0.012 at 1200 RPM, but as the RPM increases further, the torque decreases, so the HP falls. Because the formula involves the multiplying of the torque value, the smaller this value becomes the lower the resultant horsepower.
The dip in the middle of the top of the graph is probably because of the method used to calculate the torque, and is anomaly.
I will now compare this to the graph calculated using the correct method as represented in METHOD 1.
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Other Calculations
Efficiency

To calculate the efficiency of my engine I converted the HP into Watts. I could then find the output of the vacuum in watts and calculate the efficiency.

W = HP * 1.7

The watts that my engine produces = 21.16 watts.

To calculate the efficiency, in percent, of my engine:

E = (Output / Input) * 100

E = (21.16 / 1200) * 100

Efficiency = 1.8%

This is very poor efficiency but it is to be expected because of the gaps where the Lego bricks join and the fact that the pistons and valves do not fit perfectly in the cylinders.

Interestingly, if this efficiency is correct, the actual power of this engine running of this vacuum and all the joins sealed up would equal - 0.9 HP.
This is a lot for a Lego engine! Of course the stress would break the engine but it is an interesting fact. 
Power to Weight Ratio
Equally interesting is the power to weight ratio, as this determines how good an engine really is. I will compare it to a Porsche 911. The power to rate of this car is 276 BHP/ton. 
My engine weighs 1.2 pounds (0.55 Kg). The formula for calculating BHP/Ton is: Power to Weight = BHP/Weight, where weight is measured in tons. 
Therefore, the power to weight of my engine would be:

PTW = 0.016/0.0005 = 32 BHP per ton

This is 8 times less than a Porsche 911, which is very respectable for a Lego engine running on air.
General Pictures
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Operating Principle

The engine works as follows:
The left cylinder rises and the valve follows it. As the valve rises, it cuts of the bottom intake port and opens the top one. This allows are to flow into the top. This then forces the cylinder down.

90 degrees later, cylinder two rises and the same thing happens with this valve. This cylinder then gets pushed down.
The first cylinder has now reached its lowest point (bottom dead centre), and the valve has now moved down to close the top port and open the bottom. The air flows in through the bottom and pushes the cylinder back up. 

The second cylinder follows 90 degrees later and the same thing happens. 

The first cylinder then returns to the top and the process begins again.

Note that because it is double acting, each cylinder receives two blasts of air per revolution, meaning that there are FOUR power strokes for every one revolution! 

Valve
The valve is built such that the main inlet port (centre of valve side where the vacuum is attached) is never closed. Air is always flowing through both valves. What does happen, though, is that the valves direct the air to either the top inlet port of the cylinder or the bottom one. The valves are 90 degrees out of phase to each other, as are the cylinders. 
Conclusion
I have very much enjoyed designing and building my Lego engine. It has taken a year to come up with the design but at the end of it I have built a very powerful and good-looking engine, with figures that back it up well. 
I do not intend to stop here, though. I would very much like to make a four cylinder engine that uses carburettors to moderate the amount of air that enters the engine. This would give control over power. I am also currently working on a 5-speed-plus-reverse gearbox and clutch so an engine like this would be perfectly suited. Thank you for reading my project and I hope you enjoyed it.
Top Left – Overall view of the engine. 





Top Right – Front view of the engine clearly showing the tops of the valves.





Above Left – Side view showing cylinder connecting rods and also the chain.





Above Right – A view with the cylinder head removes. The cylinders can be seen on the left with the valves on the right.





Top left – Overall view of the engine showing the chain linkage and valve connecting rods.





Top Right – Side view of the engine from the cylinder side.





Above left – Top view clearly showing the valves.





Above right – The piston. Note a stroke length of 1 inch.








