Making a Police Drag Sled to Measure Friction
Introduction:

One of the most important measurements at the scene of a serious traffic accident is the ability of the road to exert friction forces on a vehicle, called the drag factor, f.  The friction between the tires and the road surface can be used to calculate the stopping distance of a vehicle or to estimate the speed of a vehicle in certain cases.  

Police investigators are trained to identify and document tire marks found at the scene of auto accidents to use as evidence.  This will help to determine the speed of the driver to see if he or she was breaking the law.
Materials:

Wood Piece about 1 inch thick, 8 inches long, and 4 inches wide

Piece of Tire Retread

Screws

Drill

Eye Hook

Cardboard pieces

Procedure:

1. Cut the cardboard pieces to about 2 inches shorter than the board and about the same width.  You’ll need about 6 pieces of cardboard this size.

2. Cut the tire retread to be the about 1 inch longer than the board.

3. Hold the cardboard in the middle of the board while screwing one end of the tire retread on the board.

4. Lay the tire retread over the cardboard and screw the other end down.  This should create a hump in the middle of the tire retread.

5. Screw the eye hook into the end of the wood piece.  This is used to attach a spring scale.
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6. Place a weight that is at least five pounds on the drag sled.  

7. Connect a spring scale to the eye hook and use it to pull the drag sled across a surface.  
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Friction – Drag Sled

Facts:

1. The drag factor of the road surface must be measured with certain precautions:

· sled must be pulled next to skid mark

· sled must be pulled in the same direction as motion

· scale should be calibrated for accuracy – make sure it originally reads zero

· scale must be pulled parallel to the ground

· lowest value gives minimum estimate of speed (benefit to defendant)

2. The drag factor of the road equals the pulling force on the sled divided by the weight of the sled.

3. The drag factor depends on the amount of moisture on the road, and may depend on when it last rained.

4. The size and weight of the vehicle does not significantly affect its braking distance.

5. Tire tread depth does not significantly affect braking distance on dry pavements.

6. Tire pressures create a little difference in braking distance unless they are extreme.

Background:

One of the most important measurements at the scene of a serious traffic accident is the ability of the road to exert friction forces on a vehicle, called the drag factor, f.  The friction between the tires and the road surface can be used to calculate the stopping distance of a vehicle or to estimate the speed of a vehicle in certain cases.  

Police investigators are trained to identify and document tire marks found at the scene of auto accidents to use as evidence.  This will help to determine the speed of the driver to see if he or she was breaking the law.
Testing Assumptions (Facts Above):

1.  Fact # 1.  The drag factor of the road surface must be measured with certain precautions:



scale must be pulled parallel to the ground

Procedure:

1. Place about 20 lbs of weight on the drag sled.

2. Pull the drag sled across the concrete.  Be sure and pull parallel to the ground.

3. Now pull the drag sled across the concrete at a slight angle.

4. Finally, pull the drag sled across the concrete at a large angle.  Record your results.

Data




Pulling Force

Weight of Sled + Weight
Drag Factor 

No Angle

__________
   ∕
_________________
    =
__________

Small Angle

__________
    ∕
_________________
    =      __________

Large Angle

__________
    ∕
_________________
    =
__________
2.  Fact # 1:  The drag factor of the road surface must be measured with certain precautions:

sled must be pulled next to skid mark

Procedure:

1. Place about 20 lbs of weight on the drag sled.

2. Pull the drag sled across the concrete and record the force.

3. Now move positions by about 1 meter in either direction and find the force.

4. Next, move positions again by another meter in the same direction and find the force.  Record.

5. Pull the drag sled across the grass.  Be sure and pull parallel to the ground.  Record the force.

6. Pull the drag sled across gravel and record the force.

Data

Pulling Force

Weight of Sled + Weight
Drag Factor
Concrete Dry

__________
   ∕
_________________
    =
__________

Concrete Wet

__________
   ∕
_________________
    =
__________

Grass


__________
   ∕
_________________
    =
__________

Gravel


__________
   ∕
_________________
    =
__________

Asphalt Dry

__________
   ∕
_________________
    =
__________

Asphalt Wet

__________
   ∕
_________________
    =
__________

3.  Fact # 3:  The drag factor depends on the amount of moisture on the road, and may depend on when it last rained.

Procedure:

7. Place about 20 lbs of weight on the drag sled.

8. Pull the drag sled across the concrete.  Be sure and pull parallel to the ground.  Record the force.

9. Place a small amount of water on the concrete to simulate rain.

10. Pull the drag sled across the concrete again and record the force.

Data

Pulling Force

Weight of Sled + Weight
Drag Factor
Dry


__________
   ∕
_________________
    =
__________

Wet


__________
   ∕
_________________
    =
__________

4.  Fact # 6.  The size and weight of the vehicle does not significantly affect its braking distance.

Procedure:

1. Connect a force scale to the block.  Pull the block by pulling on the force scale parallel to the ground.  Record the average pulling force needed to keep the block in motion.  (Not the initial force)

2. Add weights on top of the block and repeat the procedure above.  Record both results.

Data

Pulling Force

Weight of Sled + Weight
Drag Factor
No Weights

__________
   ∕
_________________
    =
__________

With Weights

__________
   ∕
_________________
    =
__________

Conclusion:

1.  Some typical drag factors are given in the table below.  Real roads should have values that fall in this range.  Compare your results with these results.  Are your results considered correct when comparing to the professionals?

Cement, dry


.60 to .80

Cement, wet


.45 to .70

Asphalt, dry


.60 to .80

Asphalt, wet


.45 to .70

Ice, smooth


.10 to .25

Snow, Packed 


.30 to .55

2.  Explain why each of these are true and what would happen to the results if not:

Fact # 1:  The drag factor of the road surface must be measured with certain precautions:

sled must be pulled next to skid mark – Why?

sled must be pulled in the same direction as motion – Why?

scale should be calibrated for accuracy – make sure it originally reads zero – Why?

scale must be pulled parallel to the ground – Why?

lowest value gives minimum estimate of speed (benefit to defendant) – Why?

Fact # 2:  The drag factor depends on the amount of moisture on the road, and may depend on when it last rained.  Why?

Fact # 3:  The size and weight of the vehicle does not significantly affect its braking distance.  Why?

Fact # 4:  Tire tread depth does not significantly affect braking distance on dry pavements.  Why?

Fact # 5:  Tire pressures create a little difference in braking distance unless they are extreme.  Why?

