Designing, Analyzing and Constructing a Roller Coaster

Adapted by Dick Heckathorn     geepaw@wowway.com
From an article titled “Roller-Coaster Design Project” by Roberta R Tanner 
March 1997 - The Physics Teacher magazine.
Use up to 3 meters of wire (1-m minimum) to design a scale model    (1-m = 1 km (0.6 mi) roller coaster ride. Mount your coaster on cardboard (2-D) or if you choose, construct a (3-D) model and decorate as desired.  Label all reference points. Give it a name. 

Criteria


1.
Coaster must be to scale.

2.
Normal force on rider must be greater than zero at all times.

3.
Maximum “g’s” on a rider is 5.0 g's.

4.
Design coaster to include the following reference points (in any order except A, B and G).


A.
Top of first hill



B.
Bottom of first hill



C.
Top of a hill other than the first one



D.
Bottom of a second or another hill



E.
Top of a vertical loop (rider is upside down)



F.
Center of a horizontal loop



G.
End of ride.

Note the diagram below where each of the points is identified. You do not need to design you coaster with each element in the order as shown. You may have more hills, valleys, loops, etc. Creativity is encouraged.

Given


1.
Weight of coaster plus passengers is 4.5 x 104 N.

2.
A gravitational field strength g = 10 N/kg is indicated. You may change it to 9.8 N/kg if you desire.

Turn In


1.
Your mounted scale model with reference points identified.

2.
Written work including



a.
Title page with name of coaster



b.
Advertisement for your coaster (1 page)



c.
Sketch of the coaster with all reference points labeled  (see Fig. 1 for sample)



d.
Data on computer spreadsheet.

Be Sure To


1.
Include units with all measurements and answers.


2.
Label everything clearly!  Each point (for analysis), must be identified on the spreadsheet.


3.
Report all data in scientific notation format with two digits after the decimal point for numbers greater than _________.
Calculations

Start of Ride: Make the following calculations. Record them including your work in a neat organized manner.


1.
Choose and record length of ride. (In meters)


2.
Choose and record length of track before beginning to climb the lift hill.


3.
Choose and record length of track used to stop the coaster at the end.


4.
Choose and record length of track on the lift hill.


5.
Choose and record the angle (from horizontal) of the first hill.


6.
Work done by the motor to bring coaster to top of first hill.


7. 
Total energy of coaster at the top of the first hill (assume it is all potential energy).


8.
Choose and record a reasonable value for the time it will take the riders to be lifted to the top of the first hill.


9.
Calculate the power (in watts) expended by your motor to lift cars and riders to the top of the first hill.


10.
Electricity costs about $0.11 per kilowatt-hour. If the motor and lift system is 25% efficient, how much will the electricity cost to take the cars and riders to the top of the first hill?


11.
The distance of track remaining between the top of the lift hill and the point on the track where braking begins to stop the car.


12.
Find the average energy loss (J/m) for the ride from the top of the first hill to the point where braking begins. Assume 2/3 of the original potential energy is dissipated by friction during the ride with the rest of the energy dissipated as the cars are braked to a stop at the end of the track.





Hint... To calculate the average energy/m loss due to friction, take 2/3 of the available energy and divide it by the length of track over which the energy is lost.
At each point of analysis, B to the point before braking, make the necessary calculations (13-16). Record them in a neat organized manner.


13.
Identify whether you are at:



a.
the top of a hill (on outside of curve).



b.
at the bottom of a hill.



c.
at the top of a loop (upside down).


d.
at the center of a horizontal loop. The loop must be constructed horizontally on your model.


14.
At each point of analysis, (in the order that you arrive at each point), calculate the:


a.
distance of track from previous point of analysis to this point.



b.
total mechanical energy.



c.
height of this point.



d.
Gravitational potential energy



e.
kinetic energy   



f.
speed


g.
Points C, D, E, F must be labeled in the order that you analyze them on your data sheet.


15.
Select an appropriate radius for the curve for each point of analysis (should the track be curved).



g.
radius of the curve.


16.
Determine the net acceleration on the rider for each point. Hint.



a.
Draw a free-body diagram showing gravitational, and centripetal acceleration, then add the two values. 



b.
Centripetal acceleration is: a = v2/R.



c.
You may need to make necessary adjustments so that the acceleration does not exceed limiting values listed earlier 


17.
For the braking portion of the ride (point G to end of ride, calculate:



a.
the amount of energy to be removed.



b.
the braking force needed.



c.
the acceleration to stop
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d.
You may need to make necessary adjustments so that the acceleration does not exceed limiting values listed earlier.


Further Research

1. 
Assume friction force is only half that used above. Use bullet point to describe how the dynamics of the ride change. Spreadsheet evidence is essential.
2.
Change the value of g to that of the moon. Using bullet points, describe how the dynamics of the ride change. Spreadsheet evidence is essential.
3.
Repeat # 2 for Jupiter. Spreadsheet evidence is essential. 
4.
To make the ride more fun, imagine a giant spring is placed at the end of the ride to absorb the energy that was removed by braking, and bounce the riders backwards. 



If the spring constant is 2000 N/m, how far will the spring compress? How far towards the starting point will the coaster go it stops and starts assuming it has the same energy loss per meter? 
Grading Rubric 

       5    Title


       5    Advertisement

       5    Sketch

      10   Spreadsheet Data

      10   Appearance

      10   Construction Radii

      10   Construction Height

Further Research

       5   Effect of Changing Frictional Force

       5   Effect of Ride on Moon

       5   Effect of Ride on Jupiter

       5   Adding a rebounding spring


Fig. 1.  Sketch.. Reference point A must be the top of the first hill. Remaining reference points were labeled according to directions in Criteria 4.
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