Exercise 19: More LEGO Gears

In this exercise, you will work with the LEGO differential gear assembly and then construct a larger project of your choice.

The Differential 

(Materials taken from Building Robots with LEGO Mindstroms by Ferrari, Ferrari, and Hempel)
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Begin by take the two largest wheels that you find in the Mindstorm kit and connect their hubs with the longest axle. Now put the wheels on your table and push them gently: They run smoothly and advance some feet, going straight.  Now, keep the axle in the middle with your fingers and try to make the wheels change direction while pushing them. It's not so easy, is it?  The reason is that when two parallel wheels turn, their paths must have dif​ferent lengths, the outer one having a longer distance to cover.

[image: image2.png]Next, build the assembly shown below. You need a differential gear with its three 12t bevel gears, two 6-stud axles, and two beams. Place the wheels on your table and notice that you can now easily turn in any direc​tion.  Observe the body of the differential gear and the central bevel gear: when the wheels go straight, the body itself rotates while the bevel gear is stationary.  If you turn your system in place, the body stays put and the bevel gear rotates. In any intermediate case, both of them rotate at some speed, adapting the system to the situation. Differentials offer a way to put power to the wheels without the restriction of a single fixed drive axle.

The differential gear has many applications.  You can think of it as a mechanical adding/subtracting device.  When turning your system in place, the differential does not rotate at all, and then when both wheels rotate together, the differential rotates at the same speed. The formula describing these behaviors is:

(Iav1 + Iav2) / 2 = Oav

where Oav is the output angular velocity (the body of the differential gear), and Iav1 and Iav2 are the input angular velocities (the two wheels). When applying this equa​tion, remember to use signed numbers for the input, meaning that if one of the input axles rotates in the opposite direction of the other, input its velocity as a negative number. 
A differential drive is made of two parallel drive wheels on either side of the robot, powered separately, and one or more casters (pivoting wheels) which help support the weight but that have no active role.  It is called a differential drive because the robot motion vector results from two independent components; it's of no relation to the differential gear, which isn't necessarily used in the configuration.

When both the drive wheels turn in the same direction at the same speed, the robot goes straight. If the wheels rotate at the same speed but in opposite directions, the robot turns in place, pivoting around the midpoint of the line that connects the drive wheels. The table below shows the behavior of a differential drive robot according to the direction of its wheels (assuming that when it's in motion they run at the same speed).

	Left Wheel
	Right Wheel
	Robot

	Stationary
	Stationary
	Rests stationary

	Stationary
	Forward
	Turns counterclockwise pivoting around the

	
	
	left wheel

	Stationary
	Backward
	Turns clockwise pivoting around the left

	
	
	wheel

	Forward
	Stationary
	Turns clockwise pivoting around the right

	
	
	wheel

	Forward
	Forward
	Goes forward

	Forward
	Backward
	Spins clockwise in place

	Backward
	Stationary
	Turns counterclockwise pivoting around the

	
	
	right wheel

	Backward
	Forward
	Spins counterclockwise in place

	Backward
	Backward
	Goes backward


There's only one drawback to the differential drive described above: It's not easy to get your robot to move in a perfectly straight line. Because no two motors have exactly the same efficiency, you will always have one wheel turning a bit faster than the other, thus making your robot turn slightly left or right.

One method for “staying straight” is to introduce a feedback mechanism into your system, thus controlling each wheel with sensors and adjusting their speed according to the readings. This is what most of the "real life" differential drives do.  If you connect the drive wheels with a differential gear so that one wheel enters the differential with a direction that's inverted with respect to the other, the body of the differential itself should stay still when the wheels rotate at the same speed.  If there is any difference in speed, the differential gear rotates and its direction tells you which wheel is turning faster.  The figure below shows one setup. The motors acting on each wheel and the reinforcing beams have been omitted to simplify the picture.  The purpose of the geartrain on the right is to  reverse the rotation of that axis while still keeping the original gear ratio.  The rotation sensor connects to the body of the differential gear to detect whether it turns.  Unfortunately the LEGO Mindstorm does not include a rotation sensor so we can’t use such an assembly; it is for information only.
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Questions:

1. Assume that the right axle connected to a differential gear rotates at 100 rpm (revolutions per minute) and the left one at 50 rpm, what is the angular velocity of the body of the differential?

2. What happens to the differential gear when both input axis run at the same speed, let's say 100 rpm?

3.  Explain what would happen to the simple differential used in lab if one tire is sitting on ice and the other tire is on clean pavement and the drive shaft is spinning?  Will the car move?

4.  What is the definition of a differential drive?  Is it necessary for a differential drive to contain a differential gear?

Building Larger LEGO Assemblies

In preparation for your first project, try building a reasonably large LEGO assembly.  You may make one of your own designs or choose one of the projects available on the  websites listed below.  Most of these projects include assembly instructions, which should make the job easier.

http://el.www.media.mit.edu/groups/el/Projects/constructopedia 

http://www.bricksonthebrain.com/instructions/main.cfm?cat=57
http://jpbrown.i8.com/index.html
http://www.philohome.com/mindstorms.htm
http://ozbricks.com/benw/lego/
Initial this section of the lab exercise when you’re done.










