ENGR 100

Rube Goldberg



Rube Goldberg Assignments:

Assignment 1:  Mouse trap Analysis


Lecture – collisions/energy


Handout – group assignment in class?

Assignment 2:  Rube Goldberg Physics


Lecture – review collisions/energy, introduce forces (free body diagrams)


Handout – individual assignment for HW?

Lecture 1

What is engineering?

Engineering is “efficient” design.  For example, anyone with enough time and materials could build a bridge to span a creek.  But an engineer approaches the problem by analyzing the forces involved and designing a bridge that is “just” strong, costs less in money and time, increases safety, and possibly simplifies construction and maintenance methods.  For example, one solution is to use a truss to span the bridge.  A truss can be lighter and more efficient because it eliminates bending stress (bars are weak in bending) by replacing the loads to tension and compression (how many of you would pull or push on the ends of a bar to break it?  Most would put it across your knee and bend it to break it).

If engineering is about efficiency, why are you doing a Rube Goldberg project (inherently complex) as part of an engineering course?

As an engineer, you are often responsible for designing only a part of an overall system.  For example, you may design the columns of a tall building, or write a function for an overall software program.  You must know how to not only solve your problem, but we sure it works with the rest of the system and communicate clearly to make this happen.  In Rube Goldberg, each task must work together and then your overall system must work together for the class as whole – not easy!

Additionally, in the Rube Goldberg project, the overall problem definition is complex.  However, the design of each task should not be.  Each step should be “engineered” when possible to improve overall quality, simplicity, reduce construction time (less trial and error involved) and reduce costs.  Finally, like engineers, you must do a lot of iterations of design AND analysis before you compete system is ready to go.
Let’s examine how you might “engineer” the last step in a Rube Goldberg project.  For example, let’s say your goal is to squeeze toothpaste onto a toothbrush by activating a mousetrap as the last step (See Figure 1 below).

How are you going to set off the trap?  

There are a number of ways to do it, but let’s examine a simple method of dropping an object from a given height to force the mouse trap closed.    
Questions you might ask as part of the analysis would be:
· What are you going to drop?

· From what height?

· How long will this step take (you are trying to maximize time)?

· How can you make this step reliable to work every time and not break?

To model this problem, engineers rely on physics.  Specifically in this case, one approach would be to model it as a collision.

Part I.  Analysis

Physics Review: Collisions
Examples of collisions in every day life include billiard balls colliding during a pool game, a baseball player swinging a bat to hit the ball, or even a car crash.  Engineers use physics of collisions to predict the forces involved during collisions and then design bumpers and seat belt restraints.

What physics quantities are involved in a collision? To answer this question, think about what might race through your mind if you were suddenly told you were about to be hit by a car?  You would want to know how big the car was (toy car or Semi trailer truck?).  You would also want to know its speed (is it traveling 1 in/s compared to 80 mph?)  So

· Velocity (speed and direction) and

· Mass are important.  

The product of these two quantities is a physics property called “MOMENTUM”

M = m * v

In collisions, momentum is conserved.  In other words, the total momemtum before the collision needs to be the same as after.  The only thing that can change momentum is an impulse which is a force * time.   For example, if you push an object with a large force, you increase its momentum (baseball bat contacting a baseball and changing its momentum in one direction to another and increasing the speed).
Rube Goldberg Problem 

So what force must develop during the collision so that the mouse trap opens? To simplify the problem, let’s assume the object is sufficiently heavy so that it drops on the mouse trap and instead of bouncing off, it comes to rest.
Before
+ change = After

Mv + Ft = 0

(see handout w/ calculation for v needed right before impact to generate force great enough during collision to open mouse trap).
Physics Review II. Energy

When working with objects with moving parts, it is often best to analyze them using energy methods.  Energy methods require identifying the amounts of energy at a given location and then how the energy changes when the object has moved.

Types of Energy:

· Gravitational Potential Energy = mgh

· Spring Potential Energy = ½ k x ^2

· Kinetic Energy = ½ mv^2

Think of potential energy as having the “potential” to change into kinetic energy by falling from a given height or being launched into motion by a compressed spring.
To solve for min. height to produce speed needed to open mouse trap, set initial potential energy equal to the kinetic energy (see handout).
Rube Goldberg Assignment 1: Moue Trap Analysis
Directions:

Select a mouse trap from the supplies.  Use the force gage to measure the force required to open it.  Mold a section of clay into a ball so that when you drop it, it will land on the mouse trap and open it.  Using the scale, determine the mass of the object.  Record your data below:

Data:

(1) Force to open mouse trap:  


lbs = 



N


(2) Mass of clay = 



g

(3) Assuming the collision takes .1 s, calculate the min. height needed to open the mouse trap.


Equations: v = F t/ m
and
h = ½ v^2/g

h = 



cm


(3) Test your analysis.  Record the result from different drops:

	Height (cm)
	Result (open/closed?)

	Example: 10 cm
	Open

	
	

	
	

	
	

	
	


Questions:
(1) How close was your predicted height to the actual height?  Why do you think these values were different?

(2) Gravity test - Using a dry bean and ball bearing, do the following test:  Hold the objects at the same height above a shallow bowl full of water.  Drop the objects at the same time and watch the splash to determine the landing time of each.  
Based on this experiment, if we used a heavier object, dropped from the same height, would its speed right before impact be greater or smaller? Why?

(3) If mass doesn’t affect the speed of a falling object, why will increasing the mass of the object make it easier to open the mouse trap?
(4) One method to increase the speed would be to launch the ball as a projectile.  Not only would it gain the same speed from the vertical drop but it would have the additional horizontal component of speed.  Thus the combined affect of the two components of speed is greater (think of a right triangle – the hypotenuse is longer than either side).  

Calculate the total speed of the projectiles in the table below right before impact:
	Trial
	V horz
	V vert.
	V total

	1
	1 m/s 
	1 m/s
	

	2
	2 m/s
	1 m/s
	

	3
	2 m/s
	2 m/s
	


(5) Sketch the paths for the 3 balls from the table above.
BONUS: Calculate distance horizontally from the end of the launcher where you would need to place the mouse trap for trial 3.
Activity two:
Given these different scenarios, what physics methods could you use to analyze the outcome.

Questions for each:

- Identify before and after instances in time.  Sometimes you might have 2 or 3 parts of before/after.  Analyze them each one after another.
- Can you quantify the change in time or change in distance easier?

- If force acts for a short time like collisions, momentum is a good method.  If distance change is great, energy is usually a better method.

- Draw a picture of what forces are involved by arrows both in before and after pictures.  Be sure to point them in the direction they are acting – for example are forces acting against each other or together?

- Looking at the arrows and the relative length of each (magnitude) you can figure out if an object is slowing down or speeding up.  Sometimes you even identify if an object has a speed of 0.  Zeros are good!  Easy to solve equations with zeros in them!

If you are familiar with physics, you can take each problem to the next step.  In our project though, it will be sufficient to analyze the problem and then make educated guesses on what will be the best design.

