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Science in Motion

Juniata College


Crash Test Chicky
PA State Standards:
1.1.11 E
Establish a reading vocabulary by identifying and correctly using new words acquired through the study of their relationships to other words. Use a dictionary or related reference.

1.2.11 A
Read and understand the central content of informational texts and documents in all academic areas.

1.6.11 A
Listen to others.

1.6.11 D
Contribute to discussions.

1.6.11 E
Participate in small and large group discussions and presentations.

2.1.11 A
Use operations (e.g., opposite, reciprocal, absolute value, raising to a power, finding roots, finding logarithms).

3.1.10 B
Describe concepts of models as a way to predict and understand science 



And technology.

3.2.10 A
Apply knowledge and understanding about the nature of scientific understanding and technological knowledge.

3.2.10 D
Identify and apply the technological design process to solve problems.

3.4.10 C
Distinguish among the principles of force and motion.

3.6.10 C
Apply physical technologies of structural design, analysis and engineering, personnel relations, financial affairs, structural production, marketing, research and design to real world problems.

3.7.10 B
Apply appropriate instruments and apparatus to examine a variety of 


objects and processes.

Introduction:
Over the years, vehicles have had many new innovations to improve not only their efficiency but also their safety.  Safety is a huge concern in the automotive industry.  One of the most effective improvements was the introduction of crumple zones.  Crumple zones are specifically designed areas of the vehicle that will deform, or “crumple,” in a predetermined way if a collision occurs.  This crumpling will absorb some of the energy from the collision thereby helping to protect the driver and passengers.  Size and weight  are also major factors influencing car safety.  They affect the momentum and inertia of the vehicle.  Momentum is the measure of mass in motion, and it can be calculated by multiplying the mass of the vehicle by the velocity of the vehicle (ρ = mv).  Velocity is simply a vector quantity of distance divided by time (v = d/t).   Inertia then is the force of resistance to a change in that motion.  

The most significant element to summarize automotive safety comes down to the types of materials used and how they are used to construct a vehicle.  The specific materials along with their individual unique properties conjoin to determine the overall integrity of the vehicle.  These various facets must be taken into account by automotive engineers to ensure the best product at an affordable price.  
Equipment / Materials:
Necessary:


Drawing Paper


Pencils


Rulers


Scissors


Hot Glue Guns


Hobby Knives


Digital Balances


Masses (various sizes)


Plastic Wheels


Wooden Axles


*See Teacher Notes for Pulley 


  Apparatus

Optional:


Egg Cartons


Toilet Paper Rolls


Paper Towel Rolls


Bottle Caps


Milk Containers


Cardboard


Sponges


Balloons


Coffee Filters


Springs


Cotton Balls


Styrofoam Coffee Cups

Straws


Q-tips®

Popsicle® Sticks


Rubber Bands


Paper


Tape


Index Cards


Paper Clips


Plastic Bags

Guiding Questions:

Please answer the following questions before beginning the lab.

1. What is the difference between momentum and inertia?
2. How does acceleration relate to velocity?
Safety:
· Always wear safety goggles in the lab.

· Pay close attention when cutting because the hobby knife is very sharp.  Watch your fingers, and always cut away from you!
· No horseplay
Procedure and Data:

Part A:  Designing Your Crash Car
1. You are to design a car to test for safety upon impact with a solid wall at high speeds.  You must protect an uncooked, large, Grade A chicken egg from cracking/breaking or being ejected during a high-speed collision with a cinder block wall.  Your vehicle will be connected at the front to a pulling mechanism, which will pull it from rest into a rigid wall.  A computer will be used to determine the amount of time it takes your vehicle to get from the starting line to the wall.  Vehicles that get to the wall the fastest AND protect the egg will receive the highest score.
2. This design project encourages and requires imagination and creative thinking, but there are still parameters, or guidelines, that must be followed.
a. Vehicle must have at least 3 wheels

b. Vehicle may be no longer than 30 cm

c. Vehicle may be no wider than 15 cm 

d. Vehicle may be no taller than 15 cm

e. Car must have someplace to attach testing cable near the front of the car
f. During testing at least two wheels must stay on the ground at all times
g. The egg must be able to be mounted in or on the vehicle in 30 seconds or less
*Failure to meet any of these criteria will result in a disqualification!
3. You may build your crash car out of any of the materials provided to you.  Examine your materials to begin developing an idea of what you will want to use. 
4. Draw a sketch of your design and label the materials that you think you will be using.  You may make further alterations to your crash car when you actually build it. 


Part B:  Building Your Crash Car
1. Using your design as a reference, begin to build your car.
2. Start by constructing the frame of the car, and then add additional features.

3. To cut objects, you may use scissors or the hobby knife.  (Warning: extremely sharp and cut away from you)

4. To assemble your car, you may use duct tape, masking tape, or the hot glue gun. (Warning: Hot)

Part C:  Testing Your Crash Car
1. Place your passenger (egg) into the car and mass it.  Record the mass in your notebook. (To cut down on mess and to allow you to have a car to take home with you, you must place the egg into a plastic bag.)

2. When it is your turn, attach the pulley system to the front of the car.  You will then stretch the pulley back as far as possible. 
3. Upon teacher’s instruction, you will let go of the car.  If your egg survives, your car will go onto the next round of testing.

Part D:  Determining Velocity and Efficiency of Your Crash Car
1. A Vernier© photogate and pulley are used to determine the velocity of your crash car at the time of impact.  Record the velocity in your notebook.
2. If your egg cracks/breaks, use the highest “mass for collision” for which the egg did not break and calculate efficiency.  To calculate efficiency:
Efficiency = mass for collision
                       

                         mass of car

3. Circle the over-all rating that you would give your car.
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=Good    [image: image2.png]


=Acceptable    [image: image3.png]


=Marginal    [image: image4.png]


=Poor

4. List the additional safety features that you implemented for your car.
Questions:

1. What concepts, or ideas, influenced you to design your crash car the way that you did?
2. What were the strong aspects of your vehicle?  What were the weak?
3. What could have been done to improve the performance of your vehicle? 
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