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Egg Car Collisions
Introduction:
The popularity of the automobile has brought with it some undesirable effects.  Among these are air pollution, traffic jams, and traffic fatalities. Each year, thousands of people are killed and injured as a result of automobile accidents. Because of this, automotive safety design has become a major part of the auto industry.  Safety engineers have concluded that passenger restraints are one safety device that could reduce automobile fatalities dramatically. Seat belts and shoulder harnesses keep passengers from being thrown from the vehicle or bounce around the vehicle’s interior causing injury. 

Another category of safety devices is energy absorbing devices. They absorb or cushion the impact of collision.  Some examples of an energy absorbing systems are airbags, bumpers and crumple zones. 

With the combination of restraint system and absorbing devices designed into a vehicle can help to save many lives. This activity will allow you to assume the role of a safety engineer as you design, install, and test safety devices for a crash vehicle. 

Design Brief: 

As a mechanical engineer employed for a major automobile manufacturer you have been assigned the task of designing and installing safety devices for a new test vehicle. The vehicle must be aerodynamically designed and it must be able to roll along a test ramp and into an immovable object at the end of the track (e.g., the wall) while protecting the passenger (a raw egg) from injury. Compressed air will power the vehicle. 

Materials:  (All these materials do not need to be used.)

Supplied by your instructor:

-Test ramp
-3 raw eggs (simulated "live" passenger)      -3 ziplock bags (body bags)

Examples of assorted materials for constructing safety devices.   Supplied by the team of two students: Note these are a few examples you can use. If you think of other materials that may be helpful you may incorporate them in your design.

-Bubble wrap






-Cotton balls

-Wood/plastic egg (crash-test dummy)


-Sponge Rubber

-Rubber bands






-Styrofoam

-Weather-stripping





- Glue/adhesive
-Card Board






- other… 
DUE DATE: 01/27/11
Egg Car Vocabulary - Research the following terms.  Site the source from where you found the information. Write a complete sentence in your own words describing each.  10 Points 
1. Aerodynamics -


































2. Absorbing System -


































3. Air Bag-



































4. Impact-



































5. Restraints Systems  -


































6. Head-on collision-


































7. Crumple Zone -  


































8. Inertia




































9. Acceleration -



































10. Friction -



































11. Impulse – 



































12. Momentum – 



































13. Angular Velocity –


































14. Tangential Velocity – 

































15. Angular Acceleration – 

































16. Centripetal Acceleration - 

































17. Centripetal Force - 


































18. Translational Motion – 

































19. Rotational Motion – 
































______
20. Torque – 

































______
21. Angular Momentum - 

































22. Potential Energy - 


































23. Kinetic Energy - 


































24. Show mathematically why an 80,000 pound big rig traveling 2 mph has the SAME MOMENTUM as a 4,000 pound sport utility vehicle traveling 40 mph.
DUE DATE 02/04/11
Website Exploration

Visit the website of the Insurance Institute for Highway Safety and discover how your

car ranked in their crashworthiness tests and answer the questions below:

1. Go to the Insurance Institute for Highway Safety’s website, http://www.iihs.org
2. Click on Vehicle Ratings

a. What is required for a car to be an IIHS TOP SAFETY PICK?

b. Define crashworthiness.

c. Scroll down to “40-mph frontal offset crash tests are good assessments of vehicles' structural design. Click on Frontal offset crash test details, ratings criteria, and crash test verification. Describe the three factors evaluated in the Ratings Criteria for frontal offset test crash – Overall Evaluation (frontal).

3. Return to the Vehicle Rating page. Pull down on Ratings grouped by vehicle type/size

a. Select a Category and click GO.

b. Report the crash ratings for two cars (Good, Acceptable, Marginal, Poor) in the Front, 
ide, and Rear impacts areas. Do the cars have Electronic Stability Control available?

4. Go back to the IIHS homepage.

a. Click on Research & stats at the top of the page.

b. In the column on the right, find By topic:

c. Scroll down to find and click on Teenagers.

d. Click on Teenagers: general, listed under Q&As.

e. Read a few questions and answers.

f. Write a final paragraph describing your thoughts on what can be done to reduce  teenager’s high crash rates. Quote three statistics from the IIHS site to support your opinions.
DUE DATE 02/10/11
Egg Car Plan Sheet
In the space below, design your egg car. Draw both a side view and a top view. Label ALL parts of your vehicle.  Include the measurements of all sides.   10 Points.

Top View
[image: image2.wmf]
Side View
Egg Car Specification 

1. Design Type – Aerodynamic

2. You may use only compressed air to power your car. Other devices (motors, CO2 cartridges, springs, rocket engines, etc.) are not allowed.

3. Measurements  (do not include wheels)

Basic Wedge Size 



7-1/2” long by 1-1/4” high (in the back) by 3/4” deep

• Minimum length 



6”

• Front height 



1/4”

• Front axle 



1” minimum distance from the front

• Back axle 




3/4” minimum distance from the back

• Back (compressed air) hole 

Center of the hole 0.55” from the bottom
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Center of the hole 0.375” from the side

Maximum depth of hole - 2”

Diameter of the hole - 0.391”

Example of a Basic Dragster Car

4. Weight - The car’s mass should be at least 150 grams and no more than 300 grams.

a. Egg’s average weight = 50g
b. The eggs weight is added to the total mass of your car.

5. There must be one or two seats in the passenger compartment. One seat will hold an egg.  The seat cannot be a bucket style.  The front part of the seat must be open. The egg must be secured with a restraint device.  

6. The front of the car must also have a crumple zone.  The area of the crumple zone cannot be filled solid.  Each piece of material used as your absorbing device cannot be larger than 1cm x  2.5 cm.
7. The car must travel a distance of at least 5 m in a linear path, deviating no more than 10 cm from the center line.

8. The design must be safe and all materials incorporated into the design must be safe. 

9. The car must be durable enough to withstand 3 collision trials without breaking beyond repair.
Key Points to remember:

a. When an object has less weight, it is more likely to travel at a faster speed.

b. The front of the car may have a tendency to lift if it is too light.

c. Spoiler may be incorporated on the car, as long as the height does not exceed 9 cm.
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FINAL TEST RUNS WILL BE COMPLETED ON FRIDAY, FEBRUARY 28, 2011. 
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Period


 
Egg Car Score Sheet
 Required Points for Your Score:

Part 1.  Egg Car Vocabulary Test

Due Date

 


/10
Part 2. Website Exploration


Due Date


____________/10
Part 3. Completed Plan Sheet

Due Date 

  


/10
Part 4. Egg Car Design 
(Creativity /Workmanship)

   


/10
Part 5. Test Run 



Due Date __________
Egg Survival of Crash







____________/20
(-5 Egg Dislodges -10 Small Crack, -15 large Crack, -20 total loss)
 

Journaling



 




____________/25
(Journaling should include brainstorming, background research, test runs before the final day, 
  labeled sketches or diagrams, mentor contacts, observations, etc.) 







Calulations (see below)






____________/75

Conclusion/Discussion






____________/20










Total 


/180

Calculations to Include in Lab Notebook





       75 Pts  
1. What is the total mass of your car in g and kg? 
2. Determine the center of mass for your car and identify it with a permanent marker on the bottom of the Egg Car.

3. What is the radius of the back wheels in cm and m? front wheels?

4. What was your best run-time in seconds?
5. Use a spring scale to calculate the coefficient of friction between your car and the test floor.

Calculate the following after you have completed a test run of your Egg Car. Use metric units for all measurements. ALL work must be shown and all calculations should reflect appropriate significant figures.
6. Determine the average velocity of your Egg Car (including magnitude and direction).
7. Find the acceleration of the Egg Car by vx2 = v0x2 + 2a(x-x0).
8. Use Newton’s Second Law to calculate the net force on the Egg Car, taking into consideration only the force of friction between the wheels and the floor, but not the friction all of the moving car parts.
9. Compute the momentum of your Egg Car.
10. Find the impulse by I = Δp.

11. Describe whether the collision is elastic, inelastic, or completely inelastic. 

12. Describe qualitatively and quantitatively (using calculations) the energy transformations involved in the test, including potential energy required to power the car and the kinetic energy change at the collision site.
13. For each set of wheels, find the angular speed and angular acceleration. 

14. Calculate the centripetal acceleration and centripetal force for each set of wheels. 

15. For any point on the edge of the wheel, find the magnitude of the average tangential velocity and compute the distance travelled along the test track as it revolved about the axis.













































