KINETIC FRICTION TYPES LAB

I. Purpose: To measure the amount of sliding friction for each type of kinetic friction. 

Business: Besides a crane businesses use other methods of moving large equipment.  They use carts or robots with wheels as well as large air bladders under heavy-duty equipment to move using fluid friction.
II. Materials: balance, SLIM PEN spring scale, twisty tie, tape, friction beads, balloon 12” mini-CD device with 1 hole, mini-CD device with 4 holes, regular CD-device with 4 holes, long pan (very short sides) 

III. Procedure:  

1. Obtain materials.

2. Mass each CD device with 12” balloon attached. Record below.

3. Convert the mass from grams to kilograms. Record below.

4. Calculate the force of weight of the CD and balloon combined using the formula: FW = mass*gravity (Force of Weight = mass in kilograms x 9.8 m/s2)

5. Record the Normal Force. 

6. Attach a twisty tie using masking or duct tape to the upper surface of the CD (side with balloon attached).

7. Fasten a spring scale to the other end of the twisty tie.

8. Pulling the spring scale first gently slide the CD across the long pan.

9. Record the kinetic friction once the spring scale shows a consistent number by converting the grams to Newton knowing 1 gram = 0.01 Newtons.

10. Repeat 2 more times or a total of 3 times for each CD device.

11. Calculate the average using the formula: (1st Trial + 2nd Trial + 3rd Trial ÷ 3)

12. Repeat steps #8-11 except add friction beads to the pan to use under the CDs.

(Be careful the friction beads bounce easily so add slowly!!)  

13. Repeats steps #8-11 except fill the balloon with air and release the air as the lab partner pulls the spring scale.  (Control the release of air by twisting and untwisting the balloon when ready.)

14. Return all lab equipment. 

IV. Data/ Questions: 

WEIGHT & NORMAL FORCE OF THE CD DEVICE

	
	Mass 

(g)
	Convert Mass (Kg)
	Weight

(N)
	Normal Force (N)

	mini-CD with 1 hole 


	
	
	
	

	mini-CD with 4 holes


	
	
	
	

	regular CD with 4 holes


	
	
	
	


MOVING FRICTION FOR mini-CD WITH 1 HOLE

	Trial
	CD on counter
	CD over beads
	CD will filled balloon

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	

	Average 
	
	
	


MOVING FRICTION FOR mini-CD WITH 4 HOLES

	Trial
	CD on counter
	CD over beads
	CD will filled balloon

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	

	Average 
	

	
	


MOVING FRICTION FOR regular CD WITH 4 HOLES

	Trial
	CD on counter
	CD over beads
	CD will filled balloon

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	

	Average 
	

	
	


1.  Explain the difference between static and kinetic friction.


2. A. List the three types of kinetic friction.


B. Explain which type of friction was demonstrated when the CD slid across the counter, over friction beads, and filled balloon.


3. A. When did the CD have the least amount of kinetic friction for each CD device? 


B.  Why did this occur?


4.  Industries moving large equipment (10 tons) place air bladders under the pallets which are filled using a compressor to force air out from underneath them.  Then, two people one in front and one in back guide the pallet as a wheel rotates due to air propelling it forward. Why would industries do this rather than just placing them on a cart with wheels?

5. Calculate the coefficient of friction for each CD device and type of kinetic friction below. Use the average friction force from the previous tables. 


COEFFICIENT OF FRICTION 

	Trial
	CD on counter
	CD over beads
	CD will filled balloon

	mini-CD with 1 hole 
	

	
	

	mini-CD with 4 holes 
	

	
	

	regular-CD with 4 holes  
	

	
	


Comparison of Weight 

5. Did the weight difference between the mini-CD device with 4 holes vs. regular CD device with 4 holes affect the friction?  Explain.


Comparison of Holes
6. Did the number of holes affect the coefficient of friction for the mini-CD devices? Explain. 


Comparison of Air Pressure
7. Would the balloons have performed better if a person had increased the pressure of air being released by pinching the opening to reduce its size?  (Try it!)


8. Industries using air bladders to move equipment pressurize the air at 32 psi which is the same as found in common household compressors for bike or car tires.  The difference is the diameter of the tubing transporting the air away from the compressor is 3x larger than a common household compressor. Knowing this, which is more helpful to reducing kinetic friction using air increasing the volume of air or increasing the air pressure?  Explain. 


V. Conclusion: 
    
A manufacturing company wants to move semi-truck frames before they have added the wheels to the trucks. They can choose to purchase a crane, carts with wheels, or air bladders, which would you recommend they choose and why? 




How to build a “Frictionless CD Puck”
Slip sliding away, forever
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A balloon powered compact disk frictionless airpuck

Introduction
A frictionless airpuck can be built from a compact disk. It will glide across a smooth table top with almost no friction on a cushion of air escaping from a balloon.
Material
· A compact disk, CD, music or CD-ROM disks both work. 

· A hot melt glue gun 

· A film can lid 

· a drill with a 1/16 inch bit. 

· The mouthpiece to a sport water bottle. The kind that pull to open and push to close. 

· A balloon 

· A toilet paper tube 

· scissors 

· A smooth table top 

Assembly
Drill a 1/16 inch diameter hole in the center of the lid of the film can.
Important: Glue the film can to the shiny side of the CD. Put the label side of the CD down toward the table. Small ridges on the shiny side will impair the flight of the CD. Hot melt glue the film can over the hole in the CD with the smooth side of the film can lid up. That is facing away from the CD.
Hot melt glue the water bottle mouthpiece to the top of the film can lid.
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Hot melt glue the film can lid to the CD then the sport bottle mouthpiece to the film can lid.
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Final assembly.

Blow up the balloon. Twist the neck of the balloon to keep the air from escaping and stretch the neck over the water bottle mouthpiece. Make sure the water bottle mouthpiece is closed.
Cut a length of toilet paper tube long enough so that it will push against the bottom of the balloon and keep it from flopping over. Cut a slit along the length of this tube and slip it between the balloon and the CD. (For my pucks the tubes are about 2/3 the total length of the toilet paper tube.)
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The balloon supported by its paper collar.
To Do and Notice
Place the frictionless airpuck onto the top of a smooth table.
Open the mouthpiece. 

Push on the airpuck and notice how it slides easily from one place to another.
Notice how it keeps going and going and going.
Tilt the table. Notice how the airpuck slides downhill.
Slide the airpuck upward and to the side on the tilted table. Notice how it follows a parabolic trajectory.
What's Going On?
The air inside the balloon is under pressure. It flows out of the hole in the film can and makes a thin layer between the CD and the table.
The CD slides on this layer of air with almost no friction.
Extensions
Investigate how the diameter of the hole drilled in the film can lid affects the flight of the airpuck. Find hole sizes to give the longest flight time, the fastest speed, the longest distance traveled from one push. Add a side vent to make a rocket propelled air car.
Place magnets on two CD airpucks with all of the magnetic north poles facing up. Push the pucks gently toward each other. They will bounce away from each other, "colliding" without touching. 
So What
There are commercial air bearings which can be used to allow one person to push heavy equipment across a smooth floor.
Etc.
This activity evolved from an older activity using records. Black vinyl disks with spiral grooves cut in both sides.
Optional construction
You can replace the water bottle cap and film can lid with a 2-Liter bottle cap. Drill a 1/16 inch diameter hole in the bottle cap and then hot melt glue the bottle cap to the CD.
Compliments of http://www.exo.net/~pauld/activities/frictionless_cd_puck.html
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Answer: Static friction is measures the initial resistance of an object to move, but kinetic friction measures the continued resistance while an object is moving. 





Answer: sliding friction, rolling friction, and fluid friction





Answer: sliding friction is the CD over the counter, rolling friction is the CD over the marbles, and fluid friction is the balloon releasing air 





Answer: When the balloon was filled with air.





Answer: When the balloon released the air the CD’s surface was now moving over air particles rather than a solid surface reducing the friction considerably. Note: Students may comment that the rolling friction worked better for the regular CD this is due to the central air holes not pushing enough air underneath the outer edges of the CD, but is a great discussion about the design of air bladders. 





Answer: Fluid friction reduces friction even more than rolling friction and it would require less force to move the large equipment. 





Students hopefully will know to take average force of friction divided by the Normal Force to calculate the coefficient of friction, but you can add this instruction. 





~0.35





~0.08 N





vary due to air velocity by  less than 0.08 N





~0.35 N





~0.35 N





~0.08 N





~0.08 N





Answer: Yes, the regular CD device had more weight and a greater amount of kinetic friction for the sliding, rolling, and fluid friction in comparison to the mini-CD’s.





Answer: Yes, the CD device had more weight and a greater amount of kinetic friction for the sliding, rolling, and fluid friction. 





Answer: No, this reduces the amount of air being release making it harder for the CD to move across the surface as there is less air particles.





Answer: Increasing the volume of air as this adds more air particles underneath the object decreasing friction as the object moves over the air rather than rough surface below.





Answer:  Air bladders as they reduce the friction the most, require less maintenance, take up less space than a crane/cart, and require fewer workers. 
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