EGR 280

Mechanics Laboratory #3
Measuring the Static Coefficient of Friction
Introduction

In this exercise, we will measure the static coefficient of friction between two surfaces.  Consider the system shown in Figure 1.  By drawing a free-body diagram of the weight W at the angle at which motion is impending, it can be shown (you are to do this!) that:
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       (Eq 1)
We will again use the FreeScale accelerometer to directly measure the tangent of the angle θ, and thereby directly obtain the coefficient of static friction.

Constructing the System

The system is simple, consisting of a strip of poster board (about 2” wide by about 10” long), taped onto the lab table at one end to make a hinge.  The accelerometer is taped onto the other end of the poster board strip, oriented so that the x-direction (the end with the DIP switches) is facing the fixed end and the z-direction (the side opposite the components) is facing down, as shown in Figure 1.

Calibrating the Accelerometer

To calibrate the accelerometer for this exercise, first place the poster board flat on the table, corresponding to θ = 0.  Using our technique of averaging over several readings to steady the response (repeated at the end of this handout), record the values of the x and z components of acceleration.  Record these as Xmin and Zmax (as I write this, mine are Xmin = 322 and Zmax = 494).  Next, lift the poster board perpendicular to the table, θ = 90°.  Record these values as Xmax and Zmin (mine are Xmax = 496 and Zmin = 320).
At any angle θ, the z-reading will gives the sine of the angle, and the x-reading will gives the cosine of the angle:
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Dividing sinθ by cosθ gives the tangent:
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Program the microprocessor to continually read the values from the accelerometer and display on the LCD the tangent of the angle to three places.  Hints:  The denominator of the first fraction and the numerator of the second will, for all practical purposes, cancel out.  Since we are performing integer arithmetic with the microprocessor, any calculation that evaluates to a number less than one will be zero, so consider evaluating the equation above as (an incomplete program snippet):
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Measuring the Static Coefficient of Friction
Lay the poster board flat on the table.  Place a small object (a paper clip, pencil eraser, etc) on the poster board.  Slowly and smoothly lift the end of the poster board off the table.  At the angle at which the object starts to slip, record the tangent of the angle displayed on the LCD.  This is the coefficient of friction between the surface of the poster board and the object.
Try this with several small objects.  Apply tape or paper to the surface of the poster board to change its friction characteristics and try it again.  Do you notice any difference?

Programming hints:

The accelerometer has a significant amount of noise in each of its three channels.  To filter some of this out, we can average several readings.  If we take several readings, say 16, and divide by the number of readings as we take them we’ll also filter out more of the low level noise out as well.  The following code snippet is, of course, incomplete, but you should easily be able to get it to work to stabilize your accelerometer readings:
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tan_theta = 1000 * (zmax-saz);


tan_theta = tan_theta /(xmax-sax);


write_int_lcd(tan_theta);	// write value in field of 5
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sax=0;


say=0;


saz=0;


for(i=0;i<16;i++){


  sax+=ad1conv(0)>>4;   // read ax on channel 0


  say+=ad1conv(1)>>4;   // read ay on channel 1


  saz+=ad1conv(2)>>4;   // read az on channel 2


}


set_lcd_addr(0x54); 	// display on last row of LCD


write_int_lcd(sax);	// write value in field of 5


write_int_lcd(say);	// write value in field of 5


write_int_lcd(saz);	// write value in field of 5


ms_delay(100);		// delay 0.1 seconds
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